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HE evaporative ( A 
J ——— 
condenser com er the \s ( 
Aik 
bines in one piece « = ee a wat ne eat 
of apparatus two of the cooled whik ; 
oldest elements In re . ulate ist attal 
frigeration: the con equilibrium temperature 
denser and the cooling it ore e « + : 
tower. Unlike a separate 9 : . 
condenser and _ cooling ATORS nd 
tower, however, the con } chang 
. . e PR 
densing coil of the evap wozzt . lhe equilibriu ‘ 
ensing col le eval 2Zi + yu 
orative condenser is dli- , { | erature ‘ pra 
. * ’ - = - —_ 
rectly in the spray of | | — uot ghee 
7 - 6 ANT ' 
water, and the air is ne : ee above both the initial an 
drawn through both the vi ' final wet bulb tempera 
condensing coil and the e . ures the ai eat 
a bess REFRIGERANT — | ) ws 2s , , 
spray water as shown in — ela could 1 7 ansferre 
— 7 we , | EN = 
Fig. 1. ror vater to th 
The refrigerant is con i z ' lherefore. the te 
. . - « A 5 
densed inside of the coil. perature of the water 
Water is sprayed con ~ —__ En vill also be above the 
tinuously over the out i lew pol temperature 
side of the coil. The ’ Y of the ai all points m 
spray water is collected Q, te a "sie the coil. Because of this, 
. > 
in a tank at the bottom WATER ‘ C 2 j and also because of the 
. “ ' ' 
ot t he condenser. \ 7 WATER TANK Pump neat suppiire d to the 
pump withdraws the = water by the condensing 
mate 7 » te , « = : . ” retriget t wT oO 
water from the tank and Fig. 1—Schematic diagram of an evaporative condenser, SITIgeram evaporation 


delivers it to the spray symbols 
nozzles. The same water 
is circulated continu- 
ously, and is neither heated nor cooled during its passage 
through the pipes connecting the tank, pump, and spray 


nozzles. 


showing the 


Inasmuch as the spray water wets the outside 
surface of the coil, the heat is transferred through the 
wall of the coil to the water on its outer surface. But, 
the water as fast as it receives this heat transfers it in 
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The evaporative condenser is an item of air con- 
ditioning and heat transfer equipment that has de- 
veloped rapidly in recent months and is finding ever 
increasing usage. Very little authoritative engineer- 
ing information about this type of apparatus has 
been generally available until now. . . . In this dis- 
cussion, the author gives basic methods and equa- 


used 


in the 


By William Goodman* 


water takes place into 


As the 


the condenser, 


accompanying text 
ie alr 
through 

its absolute humidity (moisture content) is increased 
The temperature of the spray water may be either 
above or below the initial dry bulb temperature of the 
a transfer of sensible 


air. In either case, there will be 


heat between the air and water in addition to a transfer 
As a result, both the dry bulb and dew 
The total 


the condensing refrigerant is 


of moisture 
point the air will change 
heat 


mately transferred to the air and results in an increase 


temperatures of 


surrendered by ulti 


in its enthalpy (total heat content ) 





tions, with examples showing their use, describes how 
to compute heat transferred by evaporative condens- 
ers, rating of a condenser, selection of air quantity 
and coil area, and the spray water temperature and 
theoretical maximum capacity of condensers. His 


tables and curves have been designed to simplify the 
solution of evaporative condenser problems 
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Symbols known, the spray water temperature can be comput 
For this purpose, Fig. 2, Table 2, and the followi: 





A area of outside surface of condensing coil, sq ft (area in . . . . . 
s or co oo - equation are used. (See appendix 2 for derivation. ) 


contact with spray water). 


B ratio of outside to inside surface of coil. : GZ 
1 N=— 
area of inside surface of condensing coil, sq ft (area in Al 
B ntz i ; nsing refrigers [ 
CONTAC with condensing retrigerant). — \fter the spray water temperature has been comput: 
fe coefhcient of heat transfer between air and water (air ohh, RE BFS ane : : 
the total refrigerating capacity of the condenser car 


film coefficient), Btu per hr per sq ft of surface per de- ang 
re > sia computed by means of either equation 1 or 4 
gree Fahrenheit difference. . 


fr coefficient of heat transmission between condensing refrig- HH U (trn—tw) A 
erant and metal tube wall (refrigerant film coefficient), see appendix 2) 
Btu per hr per sq ft per F. oF ae , : 
' U is the overall coefficient of heat transmission 


fy coefficient of heat transmission between water and metal aha 
+: . , . the condensing retrigerant the spray wate t 
wall (water film coefficient), Btu per hr per sq ft per F P ae to = 


G weight of air circulated through the condenser, lb per hr not include the film coefficient from the air to the wat 
H total heat surrendered by the condensing refrigerant \s shown in appendix 2, the value of U is comput 
that is, the total heat capacity of the condenser, Btu per hr means of: 
h, enthalpy (heat content) of air entering condenser, Btu 1 1 B 
per Ib. T 
hs enthalpy of air leaving condenser, Btu per Ib Iw I 
hp enthalpy of air at a wet bulb temperature equal to the tem The method of using Fig. 2 for finding the spray wat 


perature of the condensing refrigerant, Btu per Ib : - . , ; 
temperature is illustrated by Fig. 3. After N has bee 














he enthalpy of air at a wet bulb temperature equal to the If 
temperature of the spray water, Btu per Ib. computes _ . particular condenser, the correspondit 
V a quantity defined by equation 2 angle @ can be found in Table 2. Then point 4 of Fig 
\ a quantity defined by equation 3 is located at the intersection of the horizontal line rep: 
Vi limiting value of N as defined by equation 6 senting the initial wet bulb temperature of the air 
ty initial dry bulb temperature of the air, | the vertical line representing the temperature of thi 
t final dry bulb temperature of air leaving condenser, I densing refrigerant. Through point A draw a straig 
J initial wet bulb temperature of the air, F. line at an angle @ with the vertical line. This line inte: 
t final wet bulb temperature of air leaving condenser, F ; FW 
: ' ty: : sects the curve at B, at which 
tr temperature of condensing refrigerant, F ‘ ; ae 
Brak point the temperature of °AT T 
ty temperature of spray water, F. | 
U coefficient of heat transmission defined by equation 5, Btu the spray water 1s read. 
per hr per sq ft per F. f Table 
absolute humidity of air, lb per Ib of dry air. f : 
Z a quantity that depends on M1; see Table 1 j M 
How to Compute Total Heat Transferred Pie, 9~Chewt fer Meter. 3 
; ; mining temperature of 
Chere Is no need tor separately evaluating spray water in evapora- 
the transfer of sensible heat and moisture be- tive condensers VARSESEESEEES 7 
. : This chart is to be used wit! 5 
tween the air and water. As shown in appen Seiden 3 aut @. Stede tales 
. , - 2 , ore * — und this chart can be used j 
dix 1, the total heat transferred from the watet mg A 
to the air depends only upon the wet bulb tem ¢ 
. . > / 
perature of the air, and can be computed by a'ce Ae SSaS5 Lid ; ‘ 
neans of the following equation: i, 
H=G (hw —h) Z “fai £& Alu | | | : 7 
\ s 
* / ; , " , ; + ; 
> - ° ‘ —_ - Pm APCRAREFESALEWTORCSCSRSURRR SS BERS . ’ 
lhe factor Z can be found in Table 1, after iF neane SER Gn RERGE EEEEE EERE EEE 
first computing another factor M, by means of yaa : 21 
the following formula: ATi TyTy Bl 2 23 
i ay eae saa! + _——- es “4 | 
Vl [2] {ofan} t+ 6 | 
0.24G A404 tr] eenes oT 
4 Ma . r . 0 —_——Toe,oo oor OT OT + * 29 
\fter computing M for a given set of condi- ‘a ' 
tions, the factor Z may be found in Table 1. ZL | 
° ‘ Ft a Cee ee ee ee ee ee oe —+ + ei! 
The total quantity of heat that can be trans | | 
- ; ¥ e ’ ; ; ; } ; ; ; ; 4 
ferred from the water wetted surface of the | 
coil to the air in contact with it can be com- /-— Suees Seeee Sees eeewe TUTTI eet ~4 5 
¥ . ‘ + , + , , , , , - 
puted by means of equation 1. secees at 
Before equation 1 can be used, the spray eee oy 
. , ; } ; + , , , 
water temperature must be known in order to t ; { i o| 
: “ . bot te H+ ee He a a > T _— TTTTTIt tT _——+ Tr -_—-—--—- T _-- T emer | La : | 
find h,. If, as is commonly the case, the con- i i ak 
: gai e Ssccsenane = as as oe as ae oe ae eo i a5 
a . ore > > re yer: y > oe ae ae ae on ae oot a aes Oe a Oe Oe eS Oe Oe A me Oe SE SO A I P us | 
de nsing tempe rature ol the reirige rant and the 3 #0 es 90 9s 100 103 10 5 PO 2 d hs 
initial wet bulb temperature of the air are rewrenarume oF compeusins mrrmecnant 
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Fig. 
trating é 
of using Fig. 2 


Table 1 
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¥ 0 0000 
0.0100 
0.0198 

) 0206 


0 0392 


) OASA 

0 0582 

7 | 0.0676 
& | 0 0780 


0 OR61 


0 09452 





0.1042 | 


2} 0.1131 
0.1219 
| 0.1306 


0.1393 
0.1479 
0.1563 


0.1730 


0.1813 
0.1894 
0.1975 
2 0.2055 


0.2134 


Z 212 
2289 
é U 2366 


2442 


R10 23 
710 093 
S10 61 
) | 0.3299 
40 | 0.3207 
iO 4 
* | 0.3430 
4S) 0.3405 
4 / 0.3560 
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reer = 
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\ alues of 


Illus- 


method 


Factors 
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0 3624 
0 3687 
0 3750 
0 3812 
0 3874 
0 393 
0 4055 
0 4173 
0 4288 
0 4401 
0 4512 
0 4621 
0.4727 
0.4831 
0 4934 
0 5034 
0 5132 
0 5220 
0 5323 
0. 5416 
0 5507 
0.5596 
0.5683 
0 5768 
0 5852 
0.5934 
0.6015 
0 6094 
0.6171 
0 6247 
0 6321 





0 
0 
0.7 
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0.7220 
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Mu 


] 0 
1 34 
1 26 
1 38 
1 40 
1 42 
1 44 
1 46 
1 48 
1 “ft 
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1 60 
1 65 
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1.75 
1 80 
1 &5 
H 1.90 
| 1.95 
| 2.00 
2.10 
| 2.20 
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12 900 
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f 
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: 
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0 
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Example 1: Find th 10 
Capacity ot a “Freon” 
evaporative condens¢ O.24 
the head pressure is to he : 
1.85 
maintained at 121 lb gag: 
and the wet bulb tempera Referring Po ' 
ture of the availabk all 
75 | The condenser far 
de live rs 2500 « tm The con 
denser coil has 500 sq it 
outside area and B equals 10 
The values of the various 1,250 
film coefficients are. f, 10 
fw 75, and fr 50 
1.OT 
5 ution \t a pre ss t 
121 Ib gage, the condensing 
temperature Fre | ) ’ 
102 | 
D 
" 
Ts Re 
¢ 0.0) " t r t 
1 Ory 
+ itt 
i” x & 
+400 
Table 2—Angles for Fig. 2 
\ 0 \ 0 \ 08 e 
0 00 0 0 ) % j 10 j 28 0 TR 
0.02 l 9 0 9 7 s 42 1 l 20 79 
0 U4 4 17 ) oO 2s 2a i4 10 79 
0 UO vt 0 ‘ 20 ] th Ho 79 
0 OS { j 0 SS 0 7 is 7 si mi 
0 10 3 oO m0 0) ss ‘( ‘ ; 6 OO ~ 
0 11 6 17 0 62 ix 7 10 20 s( 
0 12 i 51 0 64 | 32 37 1 60 | 45S 0 6.40 ay 
0.13 7 24 0 66 | 33 25 1 65 Ss 47 6 60 g] 
0.14 7 58 0 68 ‘ l , an a 2 i ao % 
01 x {2 0 70 5 0 | 7 “oo 15 7 OO 1 
0. 16 q 6 0.72 a5 15 1 80 Ho 7 7 20 qo 
0.17 9 0 0 74 ‘ 10 i 8 al 6 7.40 R92 
0 18 10 12 0 76 7 14 1 90 | 62 14 7 60 R2 
0.19 10 15 0 78 7 57 190 62 51 7 80 R2 
0 20 11 19 0 80 ts 10 > OO 63 26 8 OO 82 
0.21 ll 52’ 5 0 82 a0) 21‘'% 2.10 4 $2 8 20 3 
0 22 12 24'1 0 s4 Th 2 2 20 6Hi5 33 & 40 a3 
0 23 12 57 5 0.86 | 40 42 2 30 tt 10 8 60 a3 
0 24 13 10 0 &8 41 21 2 40 67 “ 8 80 R3 
4 M 
0 25] 14 2 0 90 4] uy’ Tt 2 5O OS 12 9 OO Ro 
0 26 14 4’ | 0.92 2 37 2 60 | 68 a’ I 9 20 | 83 
0.27 15 7 0 94 43 14°} 2.70 | 69 41 ¥.40 | 83 
0 28 15 39/7 0.96 43 ~ 2 80 70 21 » 60 | 84 
0.29 16 10°73 0 OR 44 25 2 90 70 ie >; 20 S4 
| | | 
0 30 | 16 12 1 0O 15 0 00 71 i4 10 00 | 54 
0.31 17 13 1.02 | 45 34 10 | 7 7} 11.00] 84 
0 32 17 45 1 04 | 46 7 ; 20 | 9 12 00 RS 
0.33 | 18 16 106 | 46 10 +30 8 13.00 | &5 
0 34 | 18 4171 1.08 | 47 12 10 7 14.00 | 85 
} | | | 
' } 
' 
0.35 | 19°—17 1.10 | 47 14 0 | 74 15.00 | we 
0.36 1 19 is " 12 | is 4 60 | 74 29’ I 6.00 | 36 
0 37 20 is 1.14 | 48 5 ; 70 74 7 00 NO) 
0 3S 20 {8° 116 $0 14 x0 7 15 4 18 OO | 86 
0.39 21 is’ |] is | 40 j 00 | 75 7’ 19.00 | 8 
0.40 ] 2] 48 1 20 ch | 1 00 75 8’ El 1 OO | 87 
0 41 22 18 1 22 rh 10 410 76 I8’§ 25 00 R7 
0.42 | 22 i7 1 24} 5) 7 1 20 | 7 6) 0 OO | 88 
0.43 | 16°] 1 26 ! 4’ 4.30 | 76 4 75.00 | 39 
0 44 | 23 45 1.28 2 7D 1 40 77 12’ § 100 OO xO 
get alae 
0.45 24 14°) 1.30 2 26°53 4 4 28 ( | 90 
0.46 | 24 2 1.32 | 52 s1’'g 4 7 44 
0.47 | 25 10’ | 1.3 53 If i 7 99 | 
0.48 | 25°—38’] 1.36 | 53°—40’] 4 8°—14 
0.49 | 26 6’7 1.38 | 54°— 4/1 4 8°—28 
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Table 3—-Heat Theoretically Rejected to Condenser (“Freon” 


Only) in Btu per Minute per Ton of Refrigeration 


TEMPERATURE OF CONDENSING Vapor, F 





























Evap- | 5 WRN 
ORATOR | 

Temp 80 85 90 95 | 100 | 105 | 110 | 115 | 120 | 125 | 130 

20 | 258 | 262 | 266 | 270 | 275 | 280 | 284 | 290 | 295 | 301 | 307 

15 254 | 257 | 261 | 266 | 270 | 274 | 279 | 284 | 289 | 295 | 301 

10 250 | 253 | 257 | 261 265 | 269 | 274 | 279 | 284 | 289 | 204 

> | 246 | 249 | 253 | 257 | 261 | 265 | 269 274 | 278 | 283 | 289 

0 242 | 246 | 249 | 253 257 | 260 265 | 269 | 273 | 278 | 283 

) | 239 | 242 | 245 | 249 | 253 | 256 | 260 | 264 | 269 | 273 | 278 

10 =| 235 | 238 | 242 | 245 | 249 | 252 | 256 | 260 | 264 | 268 | 273 

15 | 232 | 235 | 238 | 242 | 245 | 248 | 252 | 256 | 260 | 264 | 268 

20 229 | 232 | 235 | 238 | 241 | 245 | 248 | 252 | 255 | 259 | 264 

25 226 | 229 | 232 | 235 | 238 | 241 | 244 | 248 | 251 | 255 | 259 

30 223 | 226 | 229 | 232 | 235 | 238 | 241 | 244 | 248 | 251 | 255 

35 220 | 223 | 226 | 229 | 231 | 234 | 238 | 241 | 244 | 247 | 251 

10 218 | 220 | 223 | 226 | 228 | 231 | 234 | 237 | 240 | 244 | 247 

15 215 | 218 | 220 | 223 | 225 | 228 | 231 | 234 | 237 | 240 | 244 

50 | 213 | 215 | 218 | 220 | 223 | 225 | 228 | 231 | 234 | 237 | 240 

5 210 | 213 | 215 | 218 | 220 | 223 | 225 | 208 | 231 | 234 | 237 

| | 








Evaporative condensers are seldom rated in terms of 


their actual heat capacity ; they are customarily rated in 
terms of the tonnage of the compressor to which they 
may be connected. In order to find the tonnage rating 
of an evaporative condenser—that is, the tonnage rating 
of the compressor to which it may be connected—the 
heat capacity of the condenser is divided by 12,000 plus 
the heat of compression. Thus, if 13,680 Btu per hr 
per ton is rejected to the condenser of example 1, it may 
be connected to a compressor having a rating of 


104,400 
¥.5 tons 
13,680 
Selection of Air Quantity and Coil Area 


When a condenser is to be designed for a given load, 


head pressure, and initial wet bulb temperature, any de- 
sired combination of air quantity and coil area may theo- 
retically be selected. As the quantity of air is increased, 
the amount of surface required is decreased as illustrated 
by Fig. 4. As a practical matter, however, the coil 
surface area and the quantity of air that should be used 
are confined within rather narrow limits because, as is 
apparent in Fig. 4, a reduction in the quantity of air 
below a certain limit results in an increase in surface 


Fig. 4—When a condenser is to be designed for a given 
load, head pressure, and initial wet bulb temperature, 
any desired combination of air quantity and coil area 
may theoretically be selected. As the quantity of air is 
increased, the amount of surface required is decreased 
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that is out of all proportion to the decrease in air qua: 
tity. Similarly, a reduction in surface area below 
certain limit results in an increase in air quantity th 
is out of all proportion to the decrease in surface. | 

the conditions of Fig. 4, if the condenser constants w: 

f, = 10 and U = 25, the air quantity and the surfa 
area should be selected on the section of the curve lyi: 
between approximately points A and B. A large increa 
in air quantity beyond point B results in only a negligil 
reduction in the area of surface required. 

Curves like those of Fig. 4 are of value in studyi: 
condenser designs because they clearly show the rel 
tion between the required air quantity and coil surfa 
The method of computing the points on these curves 
illustrated in the following example. First some val 
of G/A (lb of air per hr per sq ft of outside surface ) 
chosen at random. Then G/H, the equivalent abscissa ; 
Fig. 4, is computed from equation 1. Multiplying 4 
by G/H yields 4/H, the ordinate. 


Example 2: Select at random a value of (G/A) 20 
compute the required area and cim per ton. The condensiy 
temperature of the refrigerant is to be 100 F when the 
wet bulb temperature of the air is 80 | Assume that 
and U = 25, 

Solution: 

fe A 
V 
0.24 G 
10 1 
0.24 20 
= 2.08 
Interpolating in Table 1, for M = 2.08, Z = 0.8749 
GZ 
N = 
AU 
0.8749 
20 
25 
— 0.70 


Referring to Table 2, for N — 0.70, @ = 35°-0’. 
Using the chart of Fig. 2, for tz = 100 and #,,= 80 F, ?« 
90.7 F. 
From the psychrometric tables, 
and for tw = 90.7 F, Aw = 56.80 Btu. 
From equation 1, 
G 1 


* for t,’ = 80 F, A, = 43.60 Bt 


H the od 
1 


(56.80 — 43.60) 0.8749 


| 


0.0866 Ib per Btu 


2° os 
ee 
1 
- 0.0866 
20 


= 0.004330 sq ft per Btu per hr 
If the heat rejected to the condenser amounts to, say, 15,65 
Btu per hr, the volume of air required per ton is 0.0866 
13,680 = 1185 lb per hr per ton. 
1185 
—_—_—— = 263 cfm per ton 
60 0.075 
Also, the external condensing surface required per ton | 


0.004330 X 13,680 = 59.2 sq ft per ton. 
{To be continued] 
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How to Avoid 


Waste in 


Plant Heating 


By Mortimer Freund* 


NDUSTRIAL plants require heat (1) to produce 
either by direct or indirect application the required 
physical and chemical changes in the materials proc 
essed; (2) to produce motive power; (3) to condition 
the atmosphere inside of the buildings so that the work 
can be performed under the conditions best suited to 
maintenance of the comfort and health of the workers and 
their capacity to produce efficiently and also, in special 
cases, so that the condition of the surrounding atmosphere 
is such as is required to produce the physical and chemi 
cal changes in the materials being worked upon; and (4) 
to raise the temperature of water required for cleansing 
purposes. It is common, even if not quite technically 
correct, to refer to the first as process heating, to the 
second as power, to the third as building heating and ai 
conditioning, and to the fourth as domestic water heating 
In industrial plants heat is produced and applied either 
by direct exposure to the products of combustion, o1 
through the medium of steam, heated liquids, heated an 
and other gases, or through the medium of electricity 
We should, perhay s, add to these the heat evolved in 
chemical reactions. ‘This article, however, will be con 
fined to consideration of heating systems in which steam 
is the medium of heat transfer. 
Heat is thus seen to be in one way or more a funda 
mental requirement in Mainte 
nance of the supply of heat, of its distribution throughout 


every industrial plant. 


the plant, and of its applications, is necessary if the plant 
is to continue to function. Likewise the cost of this 
service is an important element, not always recognizable 
at first glance, in the direct cost of the processes of manu 
facturing plant product and also in the so-called fixed or 
overhead costs which do not vary in simple direct pro 
portion to plant output. In times of seasonal slack o1 
general economic depression, high overhead charges are 
or should be) a matter of serious concern to the man- 
agement and to the owners Of the enterprise, especially 
when competition results in lower income from sales, and 
consequently the meeting of costs of production—to say 
nothing of securing some profits from the enterprise 
requires close examination into every possibility of re 
lucing those costs. 

Heating systems should therefore be a primary con 
ern of both management and ownership. Quite generally 


the operating engineer, the mechanical superintendent, or 


"Eadie, Freund and Campbell, Consulting Engineers 
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production 


not in periods of prosperity, an 


1 | | 
periods that the Capital expenditure 


reduction in operating and mauntenat 
made W ise industrial manag ( 

of wise industrial ownership does not pe 
systems to deteriorate or sutter loss in ett 
stead keeps constant check to msure 


and economical operation 
The comment may ix mace 
} 


een said so 


has 
the subject OT talks at 
and manufacturers’ asso 


mM articles appearing 11 technical 






and in books dealing with managem« 

design of industrial plants. It is ( 

in countless advertisements by manutacture f ¢ 
ment. But it loses no forces ( 

doctrine that has not vet reached I cel 

all of those who stand t benefit 

ditions in many of the mdustrial 

It should be repeated as tre 

possible 


What Troubles Are Found in Heating Plants? 


What troubles are found in heating ter \\ 
makes them inefficient and unnecessarily expensive 
operate and to maintain’? How can these defects be 
rected in existing heating systems and how can they be 
avoided in new ones which are being planned \ 
already stated, this discussion will be confined t ea 
systems in which steam is the medium of heat transie1 
although some of the general considerati 1 app! 
to other types. 

The ills of heating systems may be compare 
of the human body Some are “congenital,” due 
ever, in the case of heating systems to factors for the mos 


part within our control—principally lack of thought and 
foresight in the original planning and installation. Others 
are due to age or deterioration, usage or wear and teat 
whatever term one may wish to use 


to “excrescences’’—additions made without thought 
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consequences which react on the systems to interfere 
with their proper operation. Still others are caused by 
faulty operating methods. 

Many of these ills can be cured, some at small cost; 
others (particularly some of those due to faulty plan- 
ning) may require major operations to get rid of the 
troubles, while some are practically irremediable and 
would involve complete reconstruction. It is therefore 
essential to bear in mind such mistakes and troubles when 
building a new industrial plant or when purchasing or 
leasing buildings in which te establish one, so that con- 
sequent financial losses can be avoided. 

In the class of “congenital ills” afflicting heating sys- 
tems are boilers with inadequate combustion space, poor 
draft, not properly sized for efficient operation with vary- 
ing loads, inadequate firing space and fuel storage, lack 
of provisions for economical fuel handling and removal 
of ashes, lack of headroom which compelled the installa 
tion of an uneconomical type of boiler or one difficult to 
maintain and keep clean, constricted boiler room space 
with no possibility for boiler plant expansion if needed, 
and lack of boiler room ventilation. Most of the above 
are difficult, if not practically impossible, to remedy 
Forced draft blowers can be utilized to improve com 
bustion and permit use of cheaper fuel. Some means of 
providing adequate ventilation can be provided. 

Also in this class of troubles are those with gravity 
systems in which difficulty and noise occur in returning 
the condensate because of improperly graded piping, or 
because of drip points not sufficiently above the watet 
line of the boilers ; also the presence of defective air valves 
on radiators and pipe coils and at other points in the dis 
tributing system, which were installed because they were 
cheap, but whose inability to free the system of air has 
cost far more in excessive fuel burned than the saving in 
first cost. Pipes cari frequently be regraded, poor air 
valves can be easily replaced with good ones. It is usually 
not feasible to alter the relation of steam mains to water 
line and it may be necessary to resort to pumps or lifting 
traps. Frequently, steam and hot water pipes and smoke 
connections are covered with a poor grade of covering, 
or even with none at all. Heat which is allowed to pass 
out of the system into spaces where it serves no useful 
purpose represents fuel wasted. Good non-conducting 
covering pays for itself in a short time 

In the second class of heating system troubles noted 
above are boiler scale, dirt and sediment which collect in 
traps, especially in those on the return connections of 
vacuum heating systems. Boilers should be inspected 
periodically to determine the presence of scale or corro- 
sion, and feedwater treatment should be resorted to if 
necessary. All traps should be inspected at regular inter- 
vals and, after cleaning of both body and valve seat, each 
should be tested for tightness and reconditioned so as to 
close tightly in contact with steam and open promptly in 
contact with water. Wear in vacuum pumps is also a 
cause of heating system troubles and pumps should be 
overhauled periodically to keep them efficient and espe- 
cially to remove any possibility of breakdown. 

In this class also is oil which enters the heating system 
through faulty separators or eliminators when exhaust 
steam is used. Oil films which coat the inner surfaces of 
heating apparatus and piping materially diminish the 
effectiveness of these in transferring heat and also clog 


valves, traps, etc. A good type of oil separator should be 
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Courtesy Trane ¢ 


Three unit heaters at a mounting 
height of 33 ft heat a new addition 
to the Oil Gear Co. plant, Milwaukee 


selected in the first place and all separators should b 
examined from time to time, reconditioned or replaced 
necessary and the heating system thoroughly cleansed 
In the third class of heating system troubles are 
connections from high pressure lines which introdu 
vapor into vacuum returns, and “temporary” or “eme1 
gency” drip connections which discharge condensate 
waste and are allowed to remain so connected permanent 
ly. Also there is the use of live steam connections 
help out circulation, while exhaust steam is being waste: 


into the atmosphere. 
“Too Many Boiler Plants Spoil the Cost Records” 


In this class of “‘excrescences” can also be included 
trouble of far more costly consequences—the operati 
of separate boiler plants and heating systems in the sai 
industrial plant or group, where a single plant could 
made to serve. Many will recall that up to 30 years ag 
and possibly even later, each of the United States navy 
yards, or at any rate the larger ones, actually operat 
as many as three separate boiler plants. The larger yard 
are in effect industrial plants owned and operated by t 
government, but this condition had arisen because tl 
distinct bureaus or departments-—yards and docks, steat 
produced at 
distributed the steam and electricity required for th 
respective functions. By consolidation of boiler and el 


engineering and construction, and repair 


tric plants into one central plant, large reductions in ope! 
ating costs were effected. 

Still more striking is the case of a large industrial plant 
consisting of a group of 13 buildings. This establishment 
was served by a boiler plant consisting of seven boilet 
which supplied the electric generating plant, proces 
steam for a bleachery, dye house and drying equipment 
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ind steam for building heating. A new activity was un 
dertaken subsequently at one end of the establishment 
which also involved bleaching, drying and _ finishing 
processes. Although the boiler plant was centrally lo 
cated in the group of buildings, a complete new boiler 
house with chimney and three boilers was built near the 
new department. In the meantime a heavy surplus of 
exhaust steam from engines and pumps was wasted tu the 
atmosphere. 

This dual boiler plant operation had continued fo 
almost 10 years when the writer’s firm was called in as 
consultant. By collecting all exhaust steam, extending 
and enlarging the exhaust steam main, utilizing exhaust 
steam for water heating and cutting down sudden de 
mands for steam by the use of hot water storage heaters 
converting the heating system into a vacuum return sys 
tem and returning wasted drips to the boilers, it was 
possible to shut down the second boiler plant and operat 
with the original seven boilers. The second boiler hous« 
was dismantled and used for other purposes. One boilet 
was transferred to the old boiler house as a measure of 
precaution, but, as a matter of fact, it was never used 
although the plant output increased steadily. This boile: 
plant continued to function for many years, until, becaus 
of obsolescence, the boilers were replaced by a smallet 
number of large units and the boiler house reconstructed 
and modernized. 

It should be noted, however, that under special circun 
stances which would require an expensive steam dis 
tributing system, more than one independent plant heat 





Speaking generally, industrial plants require heat 
for process, power, building heating and air con- 
ditioning, and domestic water heating. Thus, heat 
in one way or another is a fundamental requirement 
in every plant . .. The author maintains a broad 
outlook of the problem of heat for the plant, and 
his discussion covers its use for the four services 
mentioned above. He reviews errors in design and 
troubles in operation that lead to uneconomical plant 
heating, and outlines means for correcting them 





ing system might well be justified. The point to be 
stressed is that in many cases multiple plants are allowed 
to continue to operate wastefully, or are arbitrarily in 
stalled without careful consideration of all the possibil 
ities. 

The fourth class of heating system troubles involves 
faulty methods of operation, such as maintaining vacuum 
in excess of that necessary for proper results. This is 
likely to produce troubles with traps and valves. Us« 
of live steam when exhaust steam is available has already 
been cited. Leaks at valves due to failure to repack when 
necessary is another. Check valves which stick should 
have attention and a Hartford loop seal on each boiler 
will eliminate troubles due to faulty check valves in the 
gravity return connections. 


Seven Ways to Heating Economy 
To conclude, in planning heating systems for industrial 


plants consideration should be given to the following : 
1. Space and structural conditions as they affect boiler 
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Air Conditioning Becomes Locally Competitive 
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Chicago's largest outlying 
shopping center, the 
Englewood business dis- 
trict, with air conditioned 
establishments shaded 


By Knight C. Porter* and William P. Rock* 


*Air C 


Geant 
cee 
we 
curca6o 
Y SAN= 


cr 


| 


om woe woate 
sroaa 








onditioning 








Division, 











octwm4o @y 


Commonwealth Ediscn Co. 


se4es 
co 


208 BUC 


f*@LE WOOO 
Twearae 





ese+ee 





Here is an analysis of the 
growth of commercial air con- 
ditioning in an outlying or 
“neighborhood” business cen- 
ter, indicating that business 
establishments have recognized 
the competitive advantages air 
conditioning systems give them 
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Wumber of (nstallations 











932 933 (934 935 936 937 
Year 


Seventy per cent of the installations in this 
district were made in 1937. It is the authors’ 
belief that the competitive advantages of air 
conditioning made owners and operators 
realize they couldn’t afford not to have it 
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HE corner of 63rd and Halsted streets is prob 
ably the busiest and largest of Chicago's outly 


ing or “neighborhood” shopping centers. Focal 
center of the Englewood district, it is situated six miles 
south and one mile west of the “downtown area It is 


said that more than 1,000,000 people enter the stores, 
restaurants, and theaters of this district each week. 
The people of Englewood and vicinity had their first 
local experience with air conditioned comfort in the sum 
1932. This they found in the new Southtown 
theater which opened December 25, 1931. In 


mer of 


1933, the 


district boasted a second installation, this time in a 
restaurant. In 1934 the third was installed in a depart 
ment store. The year 1935 saw the addition of two 
more in a five-and-ten cent store and in a shoe store 


In 1936, air conditioning began to make sizeable inroads 
with two more theaters and a candy store 
During the first eleven months of 1937 there were 


19 new installations in the few blocks of this compact 


This means that 70 per cent of the 
1937. Many 


of business are represented in this group of installations, 


business district. 


existing 27 installations were sold in 


tvix ~ 


5: theaters, 


5; jewelry stores, 4; restaurants, 3; department stores, 2; 


as follows clothing stores, 3: shoe stores, 


appliance stores, 2; and candy stores, 1. 


From the foregoing picture of the air conditioning 


growth of an outlying commercial center, what dedu 
tions and predictions may be made: 

First, since the 1937 increase in installations in this 
shopping center is of the nature of 200 per cent as com 
pared with but about 35 per cent for the city as a whole, 
we recognize that certain unusual local sales stimulus 
belief that 


the competitive advantages of air conditioning in [-ngl 


accounts for this large increase. It is our 
wood had arrived at such a point in 1937 that many con 
mercial operators suddenly recognized that they couldn't 
We feel that the 


chart of growth tends to point to the conclusion that 


afford not to have air conditioning. 


the momentum of local competition (insofar as cus 
tomer comfort is concerned) expedited acceptance of ai 
conditioning 

Although we are now talking about a total of 27 in 
still 
there remain about 150 business places in the vicinity 
It is our belief that 
1938 air conditioning sales in this section will greatly 
overshadow those of 1937. Why? 
competitive necessity of those merchants who are not 
vet prepared to offer summer comfort is more acute 
than ever. 


stallations, commercial saturation is quite low 


which are not yet air conditioned. 


Simply because the 


A sectional study such as this may well be undertaken 
for a number of local shopping centers in the near fu 
ture. It is thought that the preparation of this sort of 
study should be of interest to the merchants in the vari 
ous shopping centers. It should allow them to crystal 
lize their thoughts in relation to air conditioning. The 
results of such a study may also suggest a new manne 
of air conditioning sales approach and promotion. In 
any event, we feel that probably the greatest air con 
litioring sales stimulus in 1938 will be local commercial 
competition. 
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Plant Heating— 
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nuld weather under reduced steam pressure: and (3 
terrupting the supply of steam to the system at inte 
the length of the periods of admission and shut-off be 

ar ; _ . " -~) ’ ‘ . +* 1, ] s ] 
varied either manually. or automatically as desire 


of these methods follow the 


principle of controlling the 


effectiveness of the heating surface as a w 

Another method used is that of zoning, in which th 
heating surface is divided into groups, selectively cor 
trolled from one point, so that certain departments only 
can be heated at times when other departments di { 
require heat and also so that during milder weather les 


steam or none at all can be supplied to the less exposed 
sections of the buildings, while only those sections ex 
posed to the prevailing cold winds are kept fully heated 

It is alwavs worth while to investigate the possibilities 
of introducing some form of temperature control into the 
heating systems of existing industrial plants 

7. Provision should be made for water heating and 
storage of hot water, especially for use in industrial 
processes. The practice of blowing live steam directly) 
into cold water should be minimized or avoided alto- 
gether, as this leads to sharp boiler load peaks, whicl 
result in uneconomical operation and over-sized boilet 


plants. This is particularly true in laundries, dye houses 


and bleacheries. Every attempt should be made by use of 
exchangers to reclaim heat from process liquids which are 
Likewise heat 


gases can be reclaimed to preheat water used in industrial 


being discharged to waste from wasted 


processes. This can frequently be accomplished afte: 
investigation in existing plants and should certainly be 
considered in planning new ones 

Air conditioning and exhaust ventilation, which ar: 
intimately tied up with the heating system, play a 


stantly growing r6éle in industrial plants, not only in pro 


con 


viding comfortable conditions for the workers and hence 
in improving the quality and the quantity of the product, 
but also as necessary attendant factors in certain indus- 
trial processes. The problems encountered both in design 
and operation of such systems constitute a separate sub 
ject for treatment in detail 
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How to Use 


Reynolds’ Numbers in Piping Design 


By G. A. 


WAS most impressed with the approach to the prob- 

lem of friction of fluids in pipes when I took a 

course in chemical engineering unit operations at the 
University of Michigan. The fundamental approach: of 
the chemical engineer necessarily is different from that of 
the average mechanical engineer, for the former has to 
deal with a wide variety of fluids, solutions, and gases, 
which must be transported in various industrial pro- 
Usually the head which must be developed by 
the transfer pumps is only a matter of static head and 
friction, and the latter is no insignificant part of the 
total. 

The chemical engineer found at an early date that 
he could not rely upon the work done by mechanical 
engineers in establishing empirical formulas for the flow 
of water, air and steam. Add to the above the tem- 
peratures of fluids and vapors encountered in process 
work and you have a picture of the chemical engineer's 


cesses. 


situation. 

Let us survey the research work available relative to the 
flow of fluids and gases. For the flow of water in pipes 
we have the work of Chezy, D’Arcy, Hazen and Wil 
liams, and Fanning-—developed in the most part for hy- 
droelectric practice. For the flow of air we have the vari- 
ous researches of laboratories at the large universities and 
the test laboratories of several fan manufacturers. In 
the case of steam I would refer you to the work of Un- 
win, Carpenter, Babcock and Fritzsche. All of these 
formulations contain experimental constants to make the 
equations agree with actual observations. Most of these 
equations take no cognizance of the variation of fluid 
behavior due to temperature. 

We may digress at this peint and discuss viscosity. 
Viscosity can be defined as that property of a fluid 
which enables one layer of it to resist the sliding of an 


adjacent layer over it. This may be portrayed as shown 
































in Fig. 1. Imagine a cube of jelly with a horizontal 
$4 Unit distance 
Me a }! / ABE GF xd 
L i ud | Be 
Seka %: ] 
Be tas | l 
j a L 
xy ee ] 
Fig. 1—Sketch portray- 


ing concept of viscosity 


force F applied at one edge. As the magnitude of the 
force increases, the cube deflects and layers begin to 
slide, each relative to its adjacent layer. Finally, as 
Newton observed, dynamic equilibrium is reached be- 
tween the force and the velocity gradient. 


*Mechanical Engineer, Sargent and Lundy, Inc. (From a recent talk 
before the Chicago section of the American Society of Mechanical En- 


gineers). 
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The newer approach to piping design through th: 
use of Reynolds’ numbers involving viscosity of steam 
and water is timely. With the advent of higher pres. 
sures and particularly temperatures, the older formu- 
lations are subject to greater errors, whereas research 
data on viscosity of steam, water, and various gases 
provide a more exact analysis of frictional flow. Th 
mechanical engineer can well make use of this con- 
tribution to the flow of fluids 





Newton called this ratio ». The proportionality m 


be written, 
Shearing force 


Velocity gradient 


In ¢.g.s. units, 


dynes seconds 
1 poise (by definition) 


a —— 


centimeters’ 


Unfortunately for the engineer, much of the resear 
work done abroad and even in this country is in tl 
c.g.s. (centimeter-gram-second) system. It is therefor 
necessary to convert viscosity data in centipoises (1/10) 


of a poise) to English units. In English units viscosity 


is expressed as Ib/(ft)(sec). Since 1 gram 1 /454 II 
and 1 em 1 /30.48 foot, 
1 
454 
1 centipoise (1/100) x — = 0.000672 Ib/ (it) (se 
1 
10.48 


Osborne Reynolds made several observations on t! 
flow of fluids and we are indebted to him for the estal 
lishment of the critical velocity in flow of fluids. Hk 
pointed out that below a certain velocity, lamimar o1 
viscous flow occurred, and above this critical velocity 
turbulent flow obtained. The boundary between viscous 
and turbulent flow may be determined by the following 
expression, which is called Reynolds’ criterion: 


DV p 
— - 2000 to 2200 
Z 
where D = inside pipe diameter, feet, 
V = velocity, feet per second, 


p= fluid density, pounds per cubic foot, 
Z = viscosity, Ib/ (ft) (sec). 

It will be noted that the above criterion is dimen 
sionless. 

A few typical applications will demonstrate that pra: 
tically all modern applications lie in the turbulent region 
Fig. 2 shows a plot of DVp/Z versus unit friction 0: 
@(DVp/Z). The curves shown here have been dete: 
mined from plotting thousands of experimental points, the 
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Fig. 2—Plot of Reynolds’ criterion. Fig. 3 
Tables). Fig. 4 


only distinction being that for commercial iron pipe and 
smooth tubing. 
established to a value of (DIl'p/Z) 
viscous and 


These curves may be considered as well 
5,000,000. The 
discontinuity between turbulent flow is 
evident. 

To apply Reynolds’ criterion in the determination of 
friction it is necessary to have reliable data on the vis 
cosity of fluids. Fortunately, fluid 
greatly affected by pressure, and in most applications a 
curve of fluid viscosity versus temperature only is nec 
Fig. 3 shows the variation of viscosity of water 


viscosity is not 


essary. 
with temperature as reproduced from the International 
Critical Tables. Water at a temperature of 69 F has a 
viscosity of 1 centipoise. The viscosity of air and sey 
eral permanent gases may also be taken from the above 
mentioned tables. 
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Viscosity of water (from International Critical 
Viscosity of steam (from work of Purdue University, Speyerer, and Schiller) 


kXxperimental work at Purdue University has brought 


up to date the existing data by Speyerer and Schiller o1 
1e viscosity of steam, the data now being complete uy 
to 2000 Ib absolute and 1000 F With some extrapola 
tion the data may be used up to the critical pressure 
and 900 F. It is to be noted from Fig. 4 that pressure 
j 


has a considerably 


vreater efiect on the vise ity of stean 


than does te mpe rature 


Solving a Problem in Water Flow 


Let us use these data in a problem n volving Wale! 
flow Assume that a boiler feed pump removes teed 
water at a temperature of 200 F from a deaerating heatet 


and pumps it at a rate of 100,000 Ib per hr to a boiler 











The length of the line, including the equivalent resistance 
of valves and fittings, is 400 ft, and the pipe is 4 in., 
4.026 in. 
Density of water at 200 F is (from steam tables) 60.12 


standard weight, with an inside diameter of 


lb per cu ft. 


100,000 l 
Volume flowing 0.462 cu ft per sec 
3600 60.12 
0.462 *& 4 144 
V elo ity 5.23 tt per sec 
(4.026)° kK a 
Reynolds’ number (from Fig. 3) for water at 200 F 0.3 centi 
poises= 0.3 * 0.000672 in English units 
DV p (4.026) (5.23) (60.12) 
Reynolds’ criterion 522 000 
= 12 « 0.3 0.000672 
(Di p) 
Value of @ 0.000275 (from Fig. 2) f 
7 
4 
| 100 


V*] 0.000275 » 5.23 ) 
lriction drop, A Ar, f 
D t.026 


Friction drop 8.97 feet of water 


Analysis Applied to Steam Flow 


Reynolds’ analysis may also be applied in the cas¢ 


Let us check the pressure 


of a problem in steam flow 
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drop in a steam lead from a boiler with 135 ft of equi) 
lent pipe, using the following conditions: 
sure, 425 lb gage; steam temperature in line, 825 

steam flow, 65,000 Ib per hr; 6 in. Schedule 80 pi; 
with an outside diameter of 6.625 in. and an inside dia: 
eter of 5.761 in. 
steam tables) 1.59 cu ft per Ib. 


Steam pri 


Specific volume of steam is (f1 


65,000 * 1.59 144 « 4 
Velocity {525 tipm 158.6 tps 
n (5.761) 60 
u 33 & 10° centipoises (from Fig. 4) 
0.000672 « 33 10 2.2176 & 10° Ib/ (it) (sec 
DI p 5.761 158.6 10 
Reynolds’ number > 160.001 
Z 12 * 1.59 2.2176 
DI p Di p 
or 2 160,000, o( ) 0.00024 (see |} 
Z Z 
rh, |) 
43 ré 
0.00024 
l p 
(0.00024) (158.6)° (135) (12) ] 
a 
(5.761) (1.59) 144 
Pressure drop 7.42 lb per sq in. for the lenet 





Union Pacific Air Conditions 


Iwo air ducts under construction at the | 


Pacific’s headquarters building, Omaha, Nebrash 


which will convey air for the 12 floors from a 


to a central dehumidifier in a pent hous t 
court The design provides for one zone unit 
conjunction with five zone dampers for each fi 


floors have booster 


Each of the 12 will one 

with control to regulate static pressures 

five zone ducts Total air circulation is appr 
mately 200,000 cim, of which 90,000 cim will 
outside au Volume of space to be cooled is 3,600 


000 cu ft and the floor area is 300,000 sq ft | 


mate occupancy 1s 3000. 
[welve radial type compressor units will 


vide 1800 gpm of chilled water to the central 
humidifier. Eleven of the 12 condensing units wil 
be duplex machines consisting of two compress: 


" seven cylinders each direct connected by flexib! 


couplings to a single 75 hp, 1750 rpm, 208 vw 
motor. The other is a 100 hp duplex seven cylu 
der machine connected to a 100 hp, 1750 rp 


motor. The complete plant, with a 900 ton rating 


will require a total of 1461 hp, of which 150 hy 


standby pumps. 


Refrigerant and water piping is designed so t 


any number of machines may be operated, wit 


evaporators interconnected on the water side ai 


independent on the refrigerant side to allow wat 
to circulate from a common header to all cooler 
the be 


Condensing water is to be cooled 


individu 
} 


and refrigerant to confined to 
evaporators. 
draft 


roof designed to cool 2500 gpm from 97 to 83 


a forced spray type cooling tower on tl 


with an outdoor wet bulb of 80 F 
Contractors are the Sidles Co. 
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22% Less Steam Heats Office Building 


URING the 1933-34 heating season our steam f lost time w 





is entail wheneve sing i 
consumption rate was 0.7030 Ib per 1000 cu ft of be tested for leaks. It is impossib ( , 
building per degree day; last season it was ply and return circuit without including sectior 
1.5467 lb. The difference represents increased efficiency other, or mm some cases, two or three circuits 
in operating the system and ts accountable to a change in While testing we also ran into difficulties wit 
the method of supply direct. piping 
ing steam to the sys I 
tem, and elimination Saniete engl 
of leaks in pipe, valve, ee a 
trap and expansion By William S. Downs* upp! 
joint connections, the main ret 


Previous to alter 


It’s an old gag that if all the percentage savings the 
operating engineer is advised to make in the heating 
steam control we had of his. building were possible, he could end up with 


ing our method of 


been operating at more fuel or steam than he started with. However, ind returt 
uywhere from 1 to 5 good equipment maintained and operated in an effi- nd by shutting 
lb gage pressure. It cient manner by competent engineers can and does eturn valves with the 
was dificult to deter result in worthwhile savings in heating cost—which is xcept 
alee’ the most efficient the point Mr. Downs makes here. . . . His article is a ' 


running story of how the steam consumption rate for 


one building has been reduced, and in it he tells 


pressure range due to 





the difference in Btu some of the difficulties met and how they were solved ae ‘aia 
demand of the direct ESSEC 
radiation and indirect 
radiation systems. for both direct 
Both systems were in irect systen ur 
dividually controlled by separate feed lines and double l4 im. in diameter and_ brancl mmed 
stage reducing valves, but both were tied into a com smaller lines to various sections of the building. I 
mon return some distance from the vacuum pumps cast the madirect syst the | ead 
ito a lO un ne running up throug ( tilding 
The Ventilating and Heating Equipment > in. line that feeds several blowers on the lowe 
[he 10 in. line is reduced at the 21st fl . 
It was at first thought that the pressure on the indirect again at the 46th floor to 6 in. There ar 
system should be carried at a higher point than on thi hetween the 25th and 48th floors 
direct system due to the greater heat exchange rate of the never necessary to operate an a / 
blast coils. Our ventilating system is the straight intake floor after regular working he ore , 
type with no provision for recirculation of the air. This the upper blowers were shut down , 
naturally entailed a high rate of Btu exchange, variabl the 4th floor was in a sense a huge condenset 
according to the severity of the weather. Whenever the Of 22 blowers, 15 are equipped with blast coil 
outside temperature dropped to zero this rate was 1.459 are sma'l recirculating blast blowers for the main floor « 
Btu per cu ft of air heated to 70 F. trance lobbies and the remainder are straight ventilat 
Our direct system is rather complicated in that up and fans with no heating units. Six of the larger blowers are 
downfeed risers are interconnected to the return lines situated below the main floor and supply indirect heat 
which extend from the basement to the roof. There are and ventilation to basement spaces. These spaces 
22 upfeed risers leading from the main steam header and freely tenanted but entirely serviced by indirect heat. A 
ending at the 30th floor setback. Nine of these continue a result, it is very often necessary to run the blowet 
on to the 36th floor setback which is at the base of the below the main floor after regular office hours, There 
tower. The tower radiators are fed by a line running was, however, no cutout valve above the branch lin 
rp to the 46th floor ceiling and branching into a one way these blowers and whenever overtime heat was required 
loop around the tower. Each downfeed riser is equipped steam had to be admitted to the tempering stack line 
with a hand valve below the loop but the main tower the wav to the roof 
valve is controlled from a panel in the engineers’ office 
in the basement. New Valve Pays for Itself 
The 22 upfeed risers and main tower line valves are 
pnetmatically eperated by three way lever cocks mounted There are 232 ft of 10 in.. 296 ft of 8 in. and ¥ 


n the control panel. It is possible by this arrangement 6 in. pipe in this line above the fourth floor whi 
to isolate vertical sections of the building for partial equivalent to over 1300 sq ft of external pip 
heating after regular office hours. The downfeed risers, face. The lin 1] 


was well insulated but it seemed a wast 


owever, cannot be isolated without crawling through an ful practice to turn steam on the entire system whet 


cess door into the ceiling. For this reason, a good deal 


would be used above a branch line just below the fourt! 


] _ , . ' 
“Assistant Engineer, Irving Trust Co. Bui'ding, New York, N. ¥ Hoot \ccordingly, a 10 in pneumat valve was inst illed 
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Since making this installation it is estimated that the intervening season we struggled along with a conditix 





saving in steam amounts to approximately 67,000 Ib a that affected the heat supply to some sections of the buik 
month. Our steam is purchased from the New York ing. After dropping the pressure, however, the re 
Steam Corp. and at the average rate the saving is equiva trouble began to be suspected. Then the vacuum fell « 
lent to $60. The valve cost $210 and we paid a welder to 7 in. and with light loads even as low as 3 or 4 
$40 to cut the 10 in. line and weld on a pair of flanges. But we had by this time learned that the system cou! 
Our own crew set the valve in place and ran the % in. be operated at lower pressures and the idea that a lea 
air line to a spare lever cock on the control panel in the had developed somewhere in the system was the ultimat 
basement. The entire cost of the installation including conclusion. ; 
the 130 ft of air line was $275 and we saved that amount In the meantime, it was decided that our sluggish r 
in a little more than four months. ducing valves were a drawback to the efficient expansi: 
Our vacuum equipment consists of three turbine driven of steam into the low pressure headers. These valv 
venturi nozzle type pumps which could be expected to surged almost continuously and the tracer pencil on t! 
pull 25 in. at the suction inlet valve. The whole piping flow charts surged accordingly. The recorded flow ral 
layout was designed with the idea of operating at pres was a baffling maze of up and down lines that formed 
sures above zero gage but we set out to establish the low black path on the chart more than 1% in. wide and 
est pressure range conformable to efficient and comfort was impossible to gage the flow of steam except by t! 
able heating. We began by experimenting with the unit integrator readings. 
double stage reducing valves, adjusting them to points be For the past two seasons we have been using a n 
low zero. There was much to be said for thus cutting the type of heat control that in a single step reduces o1 
pressure but some interesting as well as unique discov high pressure steam to any desired level. This cont: 
eries came to light. expands the steam from 125 Ib gage to our present wor! 
Some time during the second year of operation the ing pressure, which is seldom above 9 lb absolute. T! 
vacuum pumps began to hunt and the readings fell off vacuum pumps maintain 15 in. up to any radiator in t! 
to 15 in. An inspection of the impellers showed signs building and we vary the differential according to tl 
of corrosion and pitting. A chemist was called in to ana severity of the weather. This, however, is purely option 
lyze the condensate and his report gave the presence of It is very seldom necessary to spread the differenti 
oxygen as cause for the corrosion. The impellers were above 2% in. 


replaced but the vacuum readings were very little im- 
proved. A Leak Is Suspected 
It was not until the 1934-35 heating season that we be- 


‘ 


After installation of the new control and the tests that 
followed we were certain that the system had a bad 
leak. It is comparatively simple to trace out a leak in t! 
heating system of a 10 room house but the intricate net 
work of pipe lines and expansion loops in the walls at 

ceilings of a 50 story sky 


gan experimenting with the reducing valves. During the 


Our vacuum equipment consists of three turbine driven pumps 


scraper defy inspection. Nig! 
after night for a month 
crawled through hanging c 
ings and squirmed under duct 
work until the leak was 
cated at a radiator on the 4 
floor. Due to expansion of t! 


Ost 


lines, or possibly settling 
the building walls, a 34 in. ln 


had snapped off at an elbov 


b 
r 
: 

. 

. 

: 


joint embedded in the concret 
floor filling. We made tl 
discovery at two o'clock on 
cold February morning and 

a couple of hours had chopp 
away the concrete and plugg: 
the line. 

The vacuum picked up 1 
mediately to 15 in. at tl 
pumps which gave us 12 
at the radiators, the differ 
ence representing a lift 
the bottom of the return lu 
which is responsible for a 3 11 
drop between the pump su 
tions and the returns from t 
building. After plugging 
leak we were able to operat 
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Small Leaks Affect Radiators 








Sketch of indirect heating coil showing new 
method of trapping to eliminate unheated area 

























system 


- itched 11 e wrol U A 
easy to heat the incoming air to a comfortable tempera , 
: . radiators we tound possib] ( 
ture but when the thermometer got down around 20 | 
. ox pockKe,lrs ut there vere \ t 
it was impossible to bring the delivery air up to 70 | , 
Cl SS101 \ ‘ 
, , , pansion joints, too, had to be repacke 1 
Indirect Heating Coils Partly Cold "eer a" 
nauied ry ( ( i 
Pant + * ; 1O? 2 
. ° CCSS " t ( i’ 2 f 
Our blast coils are the cast iron, extended surface typ 
From 10 to 24 coils are connected three rows dee} . ; 
| 1 1 To LUUU cu It I u ne i¢ e¢ } 
j separate steam and return lines and the heat is controlle 
Ae , xception to this figure 1¢ 
by a regulating thermostat \s the air passes over the 
coils it should be thoroughly heated to the setti: \t > 
’ } 1 1 j { ‘ us auril tiie t we Vere ‘ 
inspection ot the neaters, however, revealed that eve : 
. l ( ere n eTl Sk¢é ‘ 
when the thermostat was wide open only two-thirds ape 
the coils were he ited Che rest of the he ating surface ' ' 
vas as cold as the ncoming alt : . 
Z ( i ( ting < rions ry, 
The unheated area was about equivalent to an irr . 
ir 3 it triangle with the topmost point some 12 in. fron r) Beer 
: : : During the fi ng su { 
the steam channel in the center of each row of coils. The ' ' ‘ 
GE ‘ - ; return lines were continue ( 
steam entering at the top 1s induced to flow downwars 
: rom the air c ’ s t , 
rough each coil to the return channel by the vacuu 
vere l ce tT est { elt ‘ 
naintamed at the outlet trap connected to the opposite , ; , 
’ Oil ¢ pepper} int rect nt ( 
end of the heaters Blast traps guard the outlets and <2 “e : 
' j _ . ‘ . pressed alr was a great elp i etect the 1 
keep the coils free of condensate But conceding that \\ , 
trap was of sufhcient capacity, nevertheless the tota : “ , 
4 ‘ - ig € al I c 
rea of the openings was not great enough to allow 


‘ - ‘ . 1s¢ 

per vacuum conditions . ; . Job Not Done 
\ctually, the 1'4 in. return line is of more than ad 

late size to handle the condensate and maintain peal \lthoug the system 1S 1 f ! t 

cuum on every internal square inch of heating su there are several additional changes that might 

\n analysis of the circumstances, however, seemed further to increase our efficiens ( vill « e from 
indicate a choice between two alternative solutions time to time and it 1s hoped that our ste 

he blast traps could be replaced by a full capacity bel rate may be brought to the lev ich we calculate 


Ws type trap, or we could install additional small traps t can be—less than 0.5000 Ib per 1000 


Installing additional! traps seemed at the time the best per degrec iv. This is not an impossible realizat 
in and we drilled into two coils mn the unheated area long as the following rule is kept in mind yer 
each row for a 34 in. line \ common bellows typ rease in the steam consumption rat ‘ttributable ¢ 
liator trap was installed on each of these lines and good equipment maintained and operated an eff 


nnected to the return on the pump side of the 1% in mannet competent engimeet 
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TANDARDIZATION has become an important 

factor in many industries where modern mass pro- 

duction methods have -accomplished so much in 
lowering the cost of desirable products to levels within 
the reach of large masses of the consuming public. 

It has enabled manufacturers to reduce waste and 
save money in many ways. Reduction of unnecessary 
variety in manufactured product, which is accomplished 
by standardization, naturally results in a larger demand 
for the remaining types and sizes on which production 
is concentrated. The longer runs and fewer set-ups in- 
crease plant efficiency ; fewer machines, jigs, fixtures and 
tools are needed; substantial savings are made in the 
purchase of raw materials; the cost of catalogs and sales 
literature is reduced; goods are packaged with less ex 
pense; and storage and warehouse costs are decreased 
with fewer items to handle and less money tied up in 
slow moving inventories. Distributors also benefit by 
smaller stocks and more rapid turnover ; and consumers, 
due to the lower prices, have more money available to 
satisty additional wants, thus adding to the total business 
volume. 


Application Local at First 


When standards originally began to come into use, it 
was natural that they should be developed first by indi 
vidual companies, such standards, of course, applying 
only to their own products and being retained as jeal- 
ously guarded secrets within their own organizations. 
However, as production, transportation and distribu- 
tion facilities improved and commerce became more ex- 
tensive and complex, efficient production and marketing 
required that many of these individual company stand- 
ards should be unified, and this demand led to stand- 
ardization by industrial trade associations, such as the 
Manufacturers Standardization Society of the Valve and 
Fittings Industry, and by technical societies, such as the 
\merican Society of Mechanical Engineers. Later, to 
afford representation to consumers, distributors and gen 
eral interests as well as producers, thus assuring wide 
acceptance and use of the standards, national standardiz- 
ing came into This latter class of 
standardizing bodies is represented in the United States 
by the American Standards Association. 
on, standardization on an international scale, which has 


he lies existence. 


As time goes 


already progressed to some extent, may be expected to 
take on added importance. 

In the valve and fittings industry the growth and de- 
velopment of the standardization movement has been 
particularly notable during the period since the begin- 
ning of the present century. Naturally in connection 
with the rise and expansion of a fundamental develop- 
nent such as this, it is to be expected that there should 
be some differences of opinion and arguments, pro and 
con, on various phases of the problem. The valve and 
fittings industry has been no exception to this general 
rule, and experience has shown that in order to avoid 
serious complications the development of standards must 
be done intelligently by persons thoroughly familiar with 
all aspects of the situation. 

Wholesale standardization involving unnecessary re- 
strictions might very easily be carried so far as to 
smother the divine spark of creative genius in designers 
ind thus put an end to progress and development. Then 
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Standardization 
in the 
Valve and Fitting: 


Industry 


By John J. Harman* 


too, as the primary function of standardization is e 
omy, standards should always conform as closely as | 
sible to existing commercial practice in the industry. |] 
total patterns, tools and equipment 
manufacturing existing designs of products is enorn 


investment in 


and consideration should always be given to the econo: 
loss that would be occasioned by unjustified mandat 
unification of all detailed dimensions of a given product 
Standardization proposals often involve a potential « 
nomic loss out of all proportion to the possible benefit 





In spite of differing opinions, however, numerous 


standards have been set up in the valve and fittings 


dustry which are of great value to all concerned. The 


progress made along these lines unquestionably has bec: 
due in large measure to the continuous existence duri: 
the past thirty years of a representative organization 
the valve and fittings industry devoted exclusively) 
the study of standardization problems. 

Leaders in the valve and fittings industry realized 1 


j 


need of cooperative action in standardization matters 


an early date, and in 1908 affected an organization know: 


as the “Committee of Manufacturers on the Standard) 
tion of Pipe Fittings and Valves.”” The purpose behi 
this organization has always been both constructive ai 
defensive. The trained engineers of the valve and fittn 
industry, who are familiar with and take into consider 
tion all the manufacturing and economic phases of 
situation, are a powerful factor in guiding standardizati 
proposals along practical lines. 

The early efforts of this committee were a very 


portant factor in the standardization of the connecting 


ends of valves and fittings to insure interchangeabilit 
It was largely through the efforts of this organizatior 
in cooperation with standardizing bodies such as t! 
\.S.M.E. and others, that practical standards were 

veloped and put into use for pipe threads and flang: 


joints for cast iron and bronze products. In this cor 


nection it is of interest to note that although the Brigg s 


standard for pipe threads was projected in 1886 it w 


not until 1915, in consequence of some years of carefu 


study and work by this committee, that thorough inte: 
changeability in the joints of pipe threaded products | 
came a broadly accomplished fact. 
In 1924 the old “Committee of Manufacturers on 
*General Secretary, Manufacturers Standardization Society of the V 
and Fittings Industry, and Secretary, A.S.A. Sectional Committee BI' 


Standardization of Pipe Flanges and Fittings Member of Board of 
sulting and Ccntributing Editors. 
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S:andardization of Pipe Fittings and Valves” 
ranized under the name of “Manufacturers Standard 


‘ 
ization Society of the 
ibreviated ““M.S.S.") 


Valve and Fittings 
At that time in orde 


Was Ie 


Industry” 


r to pro 


vide a definite official procedure for handling the details 


the society's work, a new constitution together with 


ode of procedure and declarations of policy 


a 
veloped. The organization as now set up is 
to provide representation of the valve and fittin 


were ce 
designed 


gs indus 


try on outside standardizing bodies in order to make sur« 
that engineering and manufacturing problems are given 


due consideration in the development of standardization 


projects affecting the industry. 
Carrying out this policy the society has bec 


ome OK 


of the active member bodies of the American Standards 


\ssociation. The society also is a member of tl 


1¢ Amet 


ican Society for Testing Materials and has established 


contacts involving workable cooperation with a numbet 


other standardizing bodies where official re 
tion is not feasible. 


Active Standards Now in Effect 


During the period from 1924 to date, the M 
leveloped and promulgated a number of M.S.S 
\ list ol 

lable 1. 


rd practices . 


ffect is shown in 


presenta 


S.S. | 


blaS 


“stand 


the standard practices now in 











Table 2—American Standards Developed by Sectiona 
Committee B16 
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Standardization of Pipe flang { 
lable 2) Sectional Committee bl i 
oint sponsorship of the Heating, ¢ 


mitractors 


MS.S 


tioning Ce 
the 


and 


The Unfinished Business of Standardization 


Krom 


Table 1 it will be noted that seven of the stand 


ard practices shown bear a 1937 date of issue, 1 
that growth in the standardization movement 


active at the present time. M.S.S. standard 


ndicating 
is very 


practices, 


after suitable trial in practical use for a period of time, 


re often developed into American 


American Standards Association which, of c 


fords them much wider 
recognition. 

It is of interest in this connection to list the . 
ettect, 


ASA 


Standards now in 


promulgated by Sectional Committee 


Standards by th 


urse, al 


distribution and more general 


Americal 


that have been developed and 


B16 on 





Table l 


List of M.S.S. Standard Practices 


N t SUBJECT 

SI 19 M.S.S. 150, 250 an 00 Lb S.P. Bronze Flang« 
Fitting Standard 

SI 1929-——-Roughing-In Dimensions for Light Radiator Va 
Elbows and Keturn-Line Vacuum Valves 

SP-5-1937 M.S.S Byps ss Size Standard 

SP-6-1929—Finishes for Contact Faces of Connecting End 
Ferrous Valves and Fittings 


SP-8-1929—Cast Iron Screwed Drainage Fittings 


SP-9-1929—-M.S.S. Spot Facing Standard 


SP-10-1982—-M.S.S. 125 Lb S.P. Bronze Screw Pipe Fittings Standard 

SP-11-1930—M.S.S. 250 Lb S.P. Bronze Screw Fittings Standard 

>P-16-1987—-M.S.S. Pipe Bushings Standard 

SP 1937 M.S.S Lockn Standard 

>P-20-1936—M.S.S. Specifications f Steam Bronze Castings r Va 
Flanges and Pipe Fittings 

SP 193t A.S.T.M Specihcations (A126-30 for Gray lI: Castings 
for Valves, Flanges and Pipe Fittings 

SP ] M.S.S. Specificaticns for Malleable Iron Castings { Flange 
Pipe Fittings and Valve Parts 

SP 193¢ M.S.S Standard Marking Systen for Valves Fit 
Flanges and Unions 

SP-28-19387—M.S.S. Drain Tapping Standard 

SP-29-1932—M.S.S. Screw Thread Standard for High Pressure and 1 
perature Bolting 

SP-31-1982—M.S.S. 300 Lb S.P. Malleable Iron Screw Fittings Standard 

»P-32-1937—M.S.S. Ferrous Flanged Valve Center to Face Standard 

SP-34T-19382—M.S.S. Service Ratings and Test Standard—Valves ar 
Fittings 

) 1936—Railing Fittings—Male and Female Threads 
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\t first thought it would se 
products of 


in madaustry Ave 


would be complet d and standardiz 


\i.S.S. could be disbanded. but t 
the valve and fittings imdustry 
WOTK still remaims to be done al 


nevel be 


tions. Standards, course, stab 
tun devree but CX] ence has s 
( inges are constantly ce n | 
ered New materials, new servi 
Signs, new requiremerts regula 
other tactors keep the situation 
mux, ind the societ mus iiway 
| the new devel ents ly 
CTISIV¢ wi n ( ti sociel j 
lat for some unaccountable reas 


appear to be very popular as grist 
cellaneous specification wri 
ment of the industry. The special 


in such specifications, representing 
ferent individuals, do not permit 


standard production pr 


job shop methods, with tl 


mn ot 
In manutacturing costs 


} ] 


rom this it is evident that bot! 


defensive work of the society is of 
and can never be abandoned even 
portant work would appear to hav 
lhe cooperation of all interested 
this important de velopment, to 
standards put into effect may be 
interference with 


avoid serious 


general progress, and (b) to avoi 


advised mandatory’ requirements 


wasteful economic losses due to pr 


of expensive production equipment 
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OONVERSION of the existing ventilat- 
ing system for the operating rooms at 
the Billings hospital of the University 
of Chicago into a complete air conditioning in 
stallation has proved a boon to the doctors and 
costs less than 80 cents an hour to operate and 
refrigeration capacity 


maintain, as. sufficient 


was already available. Our experience during 


the two years since the work was done is 
analyzed here, and a cost summary is given. 
The three Operating rooms are on the sixth 
and top floor of the building, and are arranged 
in a row on the north side of the corridor, each 
with its sterilizing, scrub up, and anaesthetiz 
they adjoin a student amphitheater 


Formerly, they 


ing rooms; 
with a seating capacity of 110. 
were ventilated by a large fan equipped with 
an air washer to supply humidity in winter. 
even with flooded eliminator plates, however, 
the washer failed to remove all of the fine dust. 
This scheme, with a separate exhaust fan, gave 


*Superintendent of Buildings and Grounds, The Uni 


versity of Chicag 
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By Lyman R. Flook* 


Because the necessary refrig- 
eration capacity was already 
available, it was possible to 
convert an existing ventilat- 
ing system to complete cool- 
ing for three operating rooms 
and a student amphitheater 
at Billings hospital at a very 
reasonable cost—less than 80 
cents an hour for operation 
and maintenance. . A fea- 
ture is the special diffusing 
head for supplying and ex- 
hausting air, which is de- 
scribed in detail here. . . 

The cooling has proved a 
boon to the doctors: before, 
they often complained of 
severe fatigue and the incon- 
venience of heavy perspira- 
tion which required an extra 
nurse and the handicap of 
interruptions to mop faces 


Heatinc, Pipinc 


littl or no cooling effect. 


the «doctors often complai 
duriag the summer mont! 
the severe fatigue and the 

inconvenience of heavy pet 
ation which required an 


nurse and the handicap of 


terruptions for mopping 
Because the operating r 
work on a busy schedule 


8 a. m. until noon, and 


amphitheater is used almost 
tirely after noon, the duct 


out for the modernized sys 


was arranged so that on 
] 


coolecd 


or the other can be 


needed 1S 


volume of ait 
the same in each case Phe 
isting supply fan was spe 


up to increase ts 


Capacity 


6300 cfm to furnish 2100 


to each operating root 
each room volume is 7980 
this represents about lt 
changes per hour. The ex! 
fan, with a capacity of 3600 
1200 


removes cim tron ¢ 


room, the excess of air sul pl 
escaping to adjoimuing 
order to 


ance pressures and allow 


and corridors in 


frequent opening of doors 


, ; 
air is recirculated Lhe 
mated refrigeration load is 2 
tons maximum, 15 tons avet 


The outside at 


intake 
provided with a new contin 


blanket oil 14 


type air hitet 
the original washer spray 


zles were changed to an 


there are tw 


16 Spray heads 


izing type; 
each with 
Chilled 


is supplied by a brine tank 9 


water for the spl 
in diameter and 100 in. long 
floor 
insulated 

fron 
plant 


the eighth level in 


tower, to which 


brine lines were run 


existing refrigeration 
the sub-basement throug! 
elevator shaft. The water fl 
through a coil in this tank 
is pumped to the spray 


Ther: 


a 150 gal reservoir in the chi 


by.an 85 gpm pump 


water circuit, and water 
perature is controlled by a 
of valves, one of which prevet 


\ direct 
used, but 


freezing brine spt 


was first becaus« 


odors from the operating 1 
ether—and 


largely fron 


brine, the closed circuit inte 


changer was installed. 
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outside temperatures in summer. Operating results have Records for the extremely warm summer of 





indicated that with relative humidities of 50 to 55 per when the air conditioning system for these three oy. 
> ‘ _ ’ ? se a > _ cacti . “g° - , + 
cent, a spread of 12 F is better practice, as greatet ing rooms was in full operation compared with th 
differences give too much contrast with the conditions months of the summer of 1934 (before the syste: 
in the hospital wards and lead to criticisms installed) give the excess hours of operation 
two 30 ton carbon dioxide compressors (which 
all the refrigeration requirements of the hospital 
1934 ¢ 
Tune 27 2 
July ‘ 720 1056 
August 73 244 
September 605 


r these four months 


\dded costs for materials fi 


CoO i) Powe 
Tune $ 2.00 & 0 8 N 1 . ‘ 
| ( t ‘ is 
August 2 4.1¢ 4.45 
Septer he > 00 ‘ é 
$13.5( $ ss ; 2204.4 


lhe average cost of $1086.71 for 1370 h 
cost of 79.3c per hr of operation, exclusive of 
charges. Since reserves for replacements or fot 
tization are almost unknown in educational accour 
practice, no such records are kept lo compare 
with commercial practice, however, estimates 
costs are here made, including interest on the cost 
the improvements, amortization on a 10 year expect 
insurance, taxes, efc.: 

210.004 


Insurance taxes et 


Based on 1370 hours of use, the cost would the 


Operating 
Fixed ct 


ges 


Because 1936 was an unusually warm summet 
large number of hours of operation used as the divi 
should be reduced to perhaps 1200 for Chicago. | 
$1000 as the cost of operation for the fewer hours 
operation, in this case the hourly cost would be 
closely: 

Operating 100 


Fixe arges 


As above stated, the costs here given are for the 
ticular installation, where the compressor and its 
system were already in operation. This fact is 
reflected in the above costs. Had an entirely new pla 
been purchased, the costs would have been much great 


Table 1—Observed Dry and Wet Bulb Temperatures (F) a 
Per Cent Relative Humidities During 1937 
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] PROMISED last month to discuss in more detail shown here For ordinary purposes sucl 


the subject of saturated air above 212 F. Before not extend above 100 F drv bulb. which is 24 Bt 
ng into the subject, however, it is perhaps well to sible heat ; it need not extend to the right more than 25 
definitions for relative humidity and saturated an Btu latent heat. which would be about 82 F dew 
find by consulting the 1937 A.S.H.V.E. “Guide”, We will extend the chart upward, however, to 100 
Chapter 1, that relative humedity is defined either as the sensible heat to be in the temperature rang: ove 400 
» of the actual partial pressure of the water vapor in In the definition of relative humidity 
to the saturation pressure at the dry bulb tempera that relative humidity is the ratio of the actu 
e, or the ratio of the actual density of the vapor to the the vapor to the density of the saturate 
density of the saturated vapor at the dry bulb tempera dry bulb temperature \s the vapor int 
re. The latter is the correct definition of relative hu determines the latent heat. we av also detet 


idity, instead of the definition so frequently used, “th 





amount of moisture in the air expressed as a percentage 


the amount it can hold when saturated at the san 


napter KK. Vernon Hill’s* Page 


( 
i4 in the “Guide”, where we find :—*‘Saturated Air. Ait 


perature 
For a definition of saturated air, we refer to 


ontaining as much water vapor as it can hold without 
oy i Ty Saturate i » 212 

condensing out Che definition continues “The par urated Air Above 212 | 
pressure of the water vapor is equal to the vapor 


ressure of water at the existing temperature 








[he first part of this definition is misleading. It 1s 
concession, no doubt, to a well established nomencla relative humidity by finding the 
ture which conceives of air as acting like a sponge, ab the air vapor mixture to the latent it 
sorbing water vapor The latter part ol the definition is ihe curves at the lower part of the chart are plott 
explanatory and correct as percentages of latent heat at saturat 
\e must bear in mind, however, that saturated ain continued upward until they leave the chart at thx 
so called) is nothing more nor less than a mixture of an border. Note that these latent heat curves w ( 
with saturated vapor and the proportions in the mixturs also relative humidity curves, are plotted for 50. 10 
lepend upon the temperature. Saturated air, for ex per cent, and that the 1 per cent curve flattens 
imple, at a temperature of 100 F is a mixture of satu disappears to the right slightly above a temper 
ted vapor at a vapor pressure of 1.931 in. of mercury 200 F. It is apparent therefore, that air, from any point 
ith a sufficient volume of air to exert a pressure sufh vn the chart, raised above 200 F will be above 
cient to make up the difference between 29.92 in. and eit of the 1 per cent curve and will have a relative 
1.931 in., or 27.989 in. of mercury. In other words, if humidity of less than 1 per cent 
we have a container holding exactly 1 cu it of dry an lake for example, air at point A on the satu 
and we wish to saturate it, we force into the container a curve his is at a temperature of approximately 70 | 
ertain amount of water vapor until the pressure of the and a relative humidity of 100 per cent. If air unde 
vapor is 1.931 in. of mercury. In doing this, we forc these conditions 1s heated, it would follow the vertical 
it some of the air having a total pressure of 29.92 in line AB \s we pass 96 F, the air would have less thar 
until the remaining volume of 50 per cent relative humidity; as we pass 140 F, the 
¥OO> : m 2 the air exerts a pressure of relative humidity would be reduced to less than 10 pet 
4004 ++ -+— 27.989 in., so that the total of cent and as we pass 200 F, the relative humidity woul 
30+ | jj the partial pressures of the mix be less than 1 per cent If this air circulates throug! 
ture will equal the total pressure the ducts of a furnace heating system having a relatiy 
bod of 29.92 in. humidity of less than 1 per cent and is discharged i 
The air does not absorb mois the roon and cooled to 70 F, it will ayvain be Saturates 
oO a ee ture and must be removed from air, very uncomfortable and possibly be the caus: 
: the container to accommodate considerable damage As a matter of fact, we cant 
the water vapor; the water va discharge air with this high humidity with safety Chi 
eT ? por only can properly be said t analysis explains the reason the statement was made t 
ci eke ee ee be saturated. the furnace man that air at 400 F could not possibly carry 
pe A a ee Now let us refer to last more than 1 per cent relative humidity 
3 “71 month’s problem of the furnace Che argument hinges of course, on what meanit y we 
d.| ey Ge with the evaporator pan in the ascribe to the term relative humidity above 212 | Wi 
3 | ['4O10547 bonnet. To understand this cannot apply the definition of relative densities of the 
301-47 leashes. we will eemstrart o moisture in the air to the moisture at saturation, becaus« 
Lol 7= Boxt t_| psychrometric chart in accord a eat A i bares bn anager a ‘4 
90-3 ance with customary procedure, a a ea : sae 
except that we will design th pad wnicin Peerage? cb: Neue ee 
chart on a heat unit hecis. Wi ture in a given mixture of air and water vapor whe 
will plot sensible heat against oe Ul bs _—= 
latent heat. Such a chart is Be ee ee Se. Seewratin ond Al Ou 
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Piping for Indirect Refrigeration 


T least 80 per cent of all refrigeration work is 
dene by direct refrigeration, in which case the 
refrigerant is applied in a container, cooler o1 

evaporator directly to the material to be cooled. In the 
remaining cases, it is done by air, water, or brine which 
acts as an intermediary or heat conveyer, although the 
final cooling is done by a direct expansion refrigerant. 
Hence, these systems are called “indirect refrigeration”. 

It is the purpose of this article to consider the piping 
for indirect refrigeration systems using water or brines. 


Advantages of Indirect Refrigeration Systems 


There are many advantages in using a medium such as 
water or brine for indirect refrigeration (water being 
used for relatively high temperature work and brine for 
low temperature work): 

(1) In some industrial processes, use of ammonia, for ex- 
ample, is impossible on accvunt of the possibility of leaks dam- 
aging the product 

(2) In the long term storage of foods in warehouses, the 
indirect system is not only safe and convenient but also affords 
split degree temperature control. 

(3) To meet sudden peak demands, it affords a means of stor- 
ing refrigeration during periods of low demand by using a com 


pressor of low average capacity over a long period of operation 
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(4) It is often used as a spray wherever high humiditie 
also wanted, as in the case of packing house chill rooms 
the air is washed, cooled, and humidified to avoid meat shri 

(5) It is mandatory for glazing fish 

(6) It is used extensively for the production of frozen 

(7) It is necessary for “freezing needles” used in fr 
earth to prevent earth slides at excavations, dams, et 

(8) It is used in congealing and holdover tanks and 
recently in eutectic plates where different strengths ar: 
according to the temperature desired. 

(9) It is used extensively in large markets and multipk 
tems of widespread layout or in a multi-floor arrangement 
fact, the codes of some cities will not permit direct refrigi 
for industrial applications above the first floor 

(10) In refrigeration distribution systems in hospitals, as 
and similar institutions, brine is required, for the patient 
confined and unable to escape or avoid a possible gas leak 

(11) The piping distribution system carries a very low 
pressure and all higher pressure gas lines are situated 
trally in a remote machine room 

(12) If a leak does occur, it does not interfere with 
in a commercial installation or have any pathological 


on nearby people. 
Disadvantages of Indirect Refrigeration Systems 


Notwithstanding the advantages of the indirect syst 


it has some disadvantages : 
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nu. C. Doremus* gives information for selecting the similar data for sodium chloride brine. . . . These 
right pipe sizes for indirect refrigeration systems articles complete those which have appeared in re- 
using water and calcium chloride brine as the heat cent issues of H. P. & A. C. on the design of piping 
conveying mediums: his next article will present for direct refrigeration using various refrigerants 
Its first cost is more than a direct retrigeration systen tween supply and return will alwavs be a nstant 24 
») It is more expensive to operate than the direct system on Thus, if we circulate 4 gpm per tor 
account of requiring two temperature differences—(a) material And. if we circulate gpm per t 3 | 
to brine, and (b) brine to ammoma \lso, if we circulate 2 gpm per t 
:) It requires a higher compressor displacement for any \lso, if we circulate 1 epm per 
given tonnage on account of requiring a lower evaporator pres big, 1 shows graphically the quantit 
$ must be circulated in gpm tor any tonnage 


) auses a higher compressor bill for wer for the ; , , 
j It cau i presso yuh ‘ pows tion tor any desired temperature range 
same reason , : : 
a ; ously, 1f ihe amount of water circulated is larg: et 
5) The power bill is further increased by the power to drive : : 

perature range will be small, and one might 

circulating pumps ' : 
' ' the vreater the amount ot wate! irculated, t 

6) It requires larger distribution mains for slower ‘tluid creat mount Oo , CIFCULALE 














city which means higher cost for pipe, valves, fittings and Hlowever, we a NTIOW ere are prac 
pipe insulation pipe costs and cost of power for pump 
7) It has a higher corrosion loss and requires more attention computing an air conditioning job, we will iby 
in the proper ust i corrosion retard 
ants | | | | 7 | | 
Ss) The use i dissimilar metals | 
ee Os Gecer cciee . ioe ies tone ites ees) 4 
ret be avoided m the piping svstem ] T ul ot 
to prevent electrolysis or galvanic et & oo! a 
mi 12? \oa7, [28s lea \yreme | | | | | | | 
WN ' ~) 
, el | 
(9) It requires accurat pH control, 3 tr)! W a o a 
i subject still not too well understood se ws pe ee ee YT + - + 
by operating engineers Ni m, %| y 
' ye? % & = SIU BI 
(10) The medium is liable to freeze jena. “lene 08.6 C6 70%) _ Wil orine ce j 
& C : 
solid and split open a part of the equip SS xy NS 
: ~ . ; . 
t either through being too weak in 24 Slr shaw ee abe Moving brine | 
gravity or by too cold ar evaporator \ \ hy y 
9 S ) 
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Water as an Indirect 
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to circulate about 3 gpm per ton so that the range of 
water temperature will be about 8 F. In this case, we 
will probably use a finned coil or similar surface and we 
will want to work with a mean temperature difference 
between air and water that will be as large as possible in 
order for that surface to be economical in cost. 

In case we are not limited by surface cost, the other 
practical limitation is the cost of piping. The most de- 
sirable size pipe to use for circulating water may be de- 
termined from a water pipe friction chart showing pres- 
sure drops and velocities. “Velocities from 5 to 8 fps 
cause low friction drops and will therefore permit low 


pumping costs. 


Calcium Chloride Brine 


In case the fluid supply temperature must be 
below 34 F, it is too cold to use water and a salt 
must be added to lower the freezing point, thus 
forming a brine. The most commonly used brine 
for this purpose is made from calcium chloride 
(CaCl,). Commercial calcium chloride for refrigeration 


is from 73 to 78 per cent pure. 
in tank car lots in liquid form while smaller buyers or 
those not having railroad sidings obtain it in solid, flake 


Large buyers obtain it 


or granulated form. 

The strength of calcium chloride brine that must be 
maintained for proper circulation is naturally determined 
by the brine temperature desired, and its freezing point. 
Usually the brine supply temperature must be from 10 
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st QUANTITY OF BRINE FLOW TO 


to 20 F below the coldest item to be refrigerated o1 
system, and the ammonia temperature used to coo] 
brine must be from 10 to 15 F below the brine. | 
want to freeze the brine in a congealing tank, it 
have a freezing point about two degrees above the 
monia evaporator temperature. If, however, we cd 
want to freeze the brine but desire to keep it in cir 
tion, it must have a freezing point below the amr 
evaporator temperature, and for a safe margin, 
should be about three degrees or more. 

Fig. 2 shows the gravities and freezing point 
calcium chloride brines, from which the proper 
for may be determined. [i 


strength system 


brine in an existing plant becomes too weak throug! 


any 


addition of water and is liable to freeze, this chart 
facilitate the calculation of the quantity of calcium c! 
ide that must be added to give the brine the p: 
strength and freezing point. 

The specific heat of calcium chloride brine varies 
the strength and temperature. Average values are 
on this chart to assist in making calculations. | 
treme accuracy, engineering data tables should be 
and these are available carried out to the fourth de 
place. 

There is a rule of thumb applying to calcium « 
brine similar to the one given for water. It varies s 
what because the specific heat varies, but for a ze: 
brine, the gpm per ton multiplied by the temperat 


range will equal 27. 
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Largest Wood Pipe E. Vernon Hill— 


This pipe at Outardes, Quebec, is 3888 ft long, 17 


6 in. inside diameter and was built for a maximum head eated from ordinary tempet 


120 ft. The staves are 4}§ in. thick, pressure creo under consideratior 
soted, and have patented double tenon butt joints for Naturally, we uld extend the 
wining individual staves The pipe rests in structural the saturation curve reaches the d1 ulb temperature 


] | r } »y}? | nd raid turate f > ¢i 
steel cradles which in turn rest on concrete footings. The lz 3; and we could saturate e all CSé 







line is used to temperatures, but under such conditior e obt 
carry water for nuxture in which the percentage of air becomes les 
hydro-electric ess, until at 212 F the mixture is 

power develop We ire dealing 1] trie present nstance Vil iit 
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Here’s How 
('d Air Condition 
an Office 


Readers of H. P. & A. C. Tell How to Air Condition 
Typical Office Suite Diagrammed in December Issue 





OW best to apply winter and summer air conditioning to 
a typical office layout involves consideration of a number 
of practical factors other than equipment design and se- 
lection. As the subject has wide applications, readers were in- 
vited in the December H. P. & A. C 
tor general recommendations on the method of air conditioning 


. to answer a question asking 


a suite of offices. From the replies received, those appearing here 
have been selected for publication. 

The comments are concluded with those of the manager of the 
building in which these offices are situated, as he is familiar with 
the building with which the air conditioning system would have 
to be coordinated, and has had experience with air conditioning 
equipment in other buildings he has operated. 

Following is the December question:—“We are tenants of a 
large office building in a middle western city, and are interested 
in providing our offices with winter air conditioning at least, 
and possibly year ‘round conditioning, for the comfort and eff- 
ciency of our employees. What general type of system would be 


nost suitable for us, and what would be its advantages and dis- 


advantages’ We do not want a detailed design for a system, but 
rather general recommendations and helpful comments 

“Our offices comprise the south-east corner of the top floor of 
the building. The building is heated entirely by direct radiation, 
vacuum system, and has no air conditioned areas except for stores 
and shops on the ground floor. Our lease is for a five year 
period (of which one year has already run) and while we do not 
contemplate moving when it expjres, the fact that we are build- 


ing tenants and not building owners no doubt affects the matter.” 


ak WO central units complete with a steam coil in each should 
be placed on the south wall of the stock room in parallel to 
1 duct system which can be furred in neatly on the walls at the 


ceiling as shown. Grilles of the correct size should be placed 


Proposed duct lavout for office suite 
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on the face of the furred space with a connection to the 1 
and properly dampered. To return the air to the units, « 
all doors with mechanically operated metal louvers, except t 
leading to other parts of the building. In this way, the 1 
culated air will find its way back to the units which are part 
open to the stock room. 

As these offices are on the top floor, a duct can be run th: 
the ceiling to the roof for the outside air intake. This s! 
be large enough to allow all or a fraction of the total volun 
air circulated to be outside air. The system should be the 
statically operated and controlled so that each unit may hb 
ated separately or in conjunction with the other to provick 
most efficient operation under changing load conditions 

Steam and water lines can be connected to the units tron 
building mains. The radiators should be left in place and 
only when necessary. 

The advantages are greater working efhciency due t 
air conditions; comfort for the employees; the units may 
disconnected and used in any other office should the tenant n 
simplicity of installation; and low maintenance cost. The 
advantages are less space in the stock room, and initial cos 
the installation of ducts and registers ——Homer L. Yaryan 
Heating and Ventilating Engineer, Mills, 
Nordhoff, Inc., Architects and Engineers 


A SSUMING that direct expansion of “Freon” is to be 
for cooling, two possibilities present themselves for 


the central plant, duct distribution system; an 


Rhines, Belln 


sized job 
vidual units for each office 

Che load figures about 5 tons on a 15 deg differential, « 
cially if the building management would help to the extent 
4 in. of rock wool on the floor of the attic space over the of 
If they refuse, it would still pay to have the ceiling insulat 
thus saving in equipment first cost, motor operation and 
water cost. 

Outside air for the private offices is not of prime import 
since the occupancy is small and window ventilation ca: 
sorted to in emergéncy. The general ofhces and receptior 
should on the other hand be supplied with at least 20 cim 
30 cfm if the occupants s: 


side air per person preferably 


Individual self contained units are expensive in first st 


cupy valuable floor space and are not, in the larger sizes 


ticularly sightly, especially in the “under-the-window” 
necessary in the general offices where outside air conm 
must be made to the unit. The reception room also pres 
eon 
blietl 


rather impossible problem in considering the indivi 


units on account of the absence of any window to use 1 
side air supply. The four private offices and even the recept 
room could be equipped with room umits without provis! 
outside air and the condensate caught in buckets instead 
blown out through the window opening. The advantage 
scheme lies in its relative simplicity of installation, its mo! 


in case of giving up the offices, and particularly in the ex 


It is true, however 


control of individual room conditions. 


special electric wiring would have to be run to all units 
I 


in, water and waste to each of the five smaller units 
two general office units would be air cooled 

\ variation of this scheme would consist in the installat: 
a single condensing unit in the stock room, with liquid 
suction piping run to an evaporator unit or room cooler in 


room. In this case the piping is costly, unsightly and lable 


leaks due to the large number of exposed joints. It would 
ever, concentrate the noise of the reciprocating condensing 
in one place where it could be dampened if necessary. The 
cost would probably be less’ than for the self contained 
wiring to the units limited to fractional horsepower tans 
machinery complications and consequent service calls considera 
lessened. Outside air supply for any such units, however, ag 
presents a problem unless the units were specially built. W 
condensed from the larger units would have to be piped aw 


The most practical method to use in this case is undoubt 
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central plant and duct distribution system, although a < é ecth made mt ca ! th ‘ me typ 


erable concession must be made to lack of control in_ the rilles hig) p near the ceiling The grill 
rious quarters. In the morning, even with the east and soutl ave volume damper in the duct bran r | 
ndows well shaded by awnings, the reception room and east egiste! so that the roon pant 1 per 
vate office will be probably overcooled. Good control of ten Hoor with a stick or chains. This | 
ature may be had, it is true, by automatic volume dampers i al than useful as it has be tound that t 
supply outlets actuated by a thermostat in each room, but will star ns rable iriat 
y at the expense of ventilation requirements Experience miort or notice nles é pe ‘ t 
ws that this 1s a dangerous procedure. The occupants are o s¢ . Criirrorp Li ne 
essity instructed to keep the windows closed and with the tants 


limited or cut off entirely in any one room, the differenc« 


the condition of the air in the room is quickly felt ee that 
Constant air supply and perfect control may be obtained, of problen 
irse, by the rather expensive method of a mixing chamber at The nefit f winter 
entral unit, with individual ducts leading to each conditioned healt tandpoint to keep " 
m and a thermostat in each room operating double mixing ind efficien f his emplovees ra 
npers in the plenum chambers For all practical purposes it plish trolling temper 
probably as well to admit that there will be some variatior its ’ tor ventilation, and filter 
the condition of the various rooms and to trv to average this u Low first st must he sider ‘ 
t by a well considered location of a single thermostat pret the f} space However. t 
in the path of the recirculated air from all of the roon ter t tem that will affect t 
In this case the conditioning unit, containing renewable I at ‘ t ! t 
throw away filters, direct expansion coil. steam coil. humidifier ~ 
and motor, would be hung on the ceiling of 1 ( , t 
iwainst the partition wall between the two doors leading to th 1] e desigi that it can he { 
urge general office, with the condensing unit cated direct t t alterat i ' 
inder or m any other practical place in the roon Possibly t 
vator penthouse directly above could be used t se ti ‘ 
lensing unit, if it is not more than 12 or 1 it a ve the 
vaporator coll This would prevent possibk tionable noise ghet \s t t pt 
The conditioning unit might also be located in the penthous ‘ 
discharge duct run down through the ceiling t the stock roor thre t 
ind the recirculating air duct up through the stock root e1ling " r 
ould be rather expensive howeve arn t as practical a t t t t 











How 


one of these buildings? Other readers 


would you air condition an office in 








give their ideas here 
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of an “on and off” steam valve which will eliminate the need of a 
preheater. This unit could be either in the stock room or attic 
space. 


Other general recommendations would be to take return air 
from the floor level in the two general offices; take outside air 
from the roof or attic and size the outside air duct to handle 
100 per cent capacity of the fan so that the fan can be used to 
cool in intermediate seasons and ventilate during summer, and 
install relief grilles in the doors of all private offices to insure 
a definite air circulation 

If the present heating system is in good condition a “split 
system” would be recommended; that is, allow the present radia- 
tors to take care of heat transmission loss and supply heat re- 


by the conditioning unit. 


quired for the ventilation air A volume 
damper in the supply duct to reduce the amount of air during 
the heating season is desirable to reduce complaints caused by 
air motion or drafts 

The automatic controls should be simple. A return air ther- 
mostat and humidistat will be sufficient to give good results 

In regard to refrigeration equipment, a direct expansion sys- 
tem using “Freon” will be the most economical. The type of 
condensing equipment (such as a water cooled condenser, cool- 
ing tower or evaporative condenser) is a local problem for the 
This will be deter 
mined by the cost of water supply, etc.—W. E 


Shook & Fletcher Supply Co 


tenant and application engineer to decide 


Cone, Engineer, 


The Building Manager’s Comment 


r is interesting to note from a majority of the ideas submit 
| ted that there is a tendency toward the central duct system, 
and I believe after investigation that this is logical for an office 
the size of which was shown on the sketch submitted. 

There are a few conditions in most existing office buildings 
which | believe should be brought to the attention of air condi- 
tioning engineers and contractors. I believe that if the air con- 
ditioning industry will become better acquainted with existing 
conditions in most office buildings, it will be much easier to avoid 
mistakes and misunderstandings in the installation of the equip- 
ment. 

Taking this office layout, let us assume that the compressor 
and the conditioning unit will be installed in the stock room, 
which is the logical location. The only floor space lost is that 
used for the compressor, as the conditioning unit can be set on 
an insulated frame directly above the compressor. In this con- 
nection, I would like to bring out the point that it is not always 
practical, and oftentimes the result has been unsatisfactory, when 
the unit is suspended from the ceiling, as oftentimes vibration 
takes place and is transmitted to the floor above with the result 
that the occupant of that space complains bitterly. By using the 
frame to set the conditioning unit on, it is much easier to insulate 
in two or three places, and to eliminate possibility of transmit 
ting noise to the building structure 

In most offices of the type under consideration, there will be 
a stock room or a storage room available for the installation of 
equipment, and in most cases, the stock room will be reasonably 
close to a wet stack, as is the case in this layout. Therefore, 


\lso, the stock 


room, or the less valuable space in any office, is that nearest the 


water lines and waste lines are easily availabl 


building corridor, and this is advantageous, as will be brought out. 

There is a very important point to be considered in connection 
with year around air conditioning, and that is in regard to the 
steam supply for the heating coils. Let us take a typical office 
building and analyze the heating system. The system was in- 
stalled to care for direct radiation and the risers, pumps and 
boilers were sized accordingly. Now let us assume that a tenant 
desires year around air conditioning and the coils are connected 
with the existing steam risers. Perhaps this one installation will 
do no particular harm, although if it is large enough and the 
riser is not amply sized to start with, one installation may even 


Even though the one job does not cause trouble, 


cause trouble. 





if many mure jobs are installed and connected to the exist 
system, it is seen that the steam piping and the boiler room eq 
ment may be overloaded and, at the same time, in order to su; 
steam to the blast coils in the air conditioning equipment, it 


be necessary to keep much more steam on the balance of 
building than is necessary for comfortable heating, with the r 
that the majority of the building will be overheated with res 
ant waste of fuel. Of course, the latter objection would be 
inated if the air conditioning equipment were located clos: 
the boiler room, in which case it is a simple matter to ru 
direct steam line from the boiler header back of the pressur: 
ducing valve, in case there are pressure reducing valves o1 
job. However, most installations of air conditioning equip: 
are a considerable distance from the boiler room and the run: 
of special steam lines is not always practical 

The question, therefore, is what is the next best thing. ( 
sider the amount and movement of air through the main 
dors of the building. It is known that there is a strong upd: 
in any building of any size, and we know that in order to 
this updraft, there is bound to be a considerable amount 
taken into the building at its base. We have found from ta 
readings with recording thermometers that the temperaturé 
this air is very uniform, and we have found from readings ta 
in various buildings that the temperature in winter will stay 
close to 70 F and does not vary much over 1 F during a 

In view of the fact that it is not always practical to com 
to the existing steam lines, and considering the uniform tem] 
ture and the amount of outside air coming into the building 
dors, I see no reason why the air supply cannot be taken tr 
the building corridors. In fact, it has been done and has 
proved to be satisfactory in cases with which | am familiar. O 
advantage of this idea is that much more outside air can 
brought into the room than if it were brought in directly fr 
the outside The next step of course, 1s to provide openings 
exfiltration, and inasmuch as the room is under pressur: 
simplest way is for a grille to be installed in a window, or wv 
dows to be partially opened to allow the escape of the air 

Some time ago when air conditioning was first installed in 
suites, it was the consensus that grilles should be provided 


all inner office doors in order to allow for the exhaust air 
have found that most inner office doors are equipped with tr 
soms which are oftentimes open, or that by far the largest 
cent of the time, the doors of these offices are left open, and 
allows for the movement of air. I have found that where g1 
have been installed in the doors, the occupant of that office 

wants absolute privacy when talking to a client and it is \ 
hard to have absolute privacy with a grille in the door pa 
Considering the fact that very few meetings of this type ar 
very long duration, it does no harm to leave the door clos 
Another important point to be remembered when conditior 


Phe cost of? she 


metal and grilles in proportion to the whole installation is sn 


an office of this type is that of air velocity. 


and some otherwise very good jobs have been spoiled by cuttn 
down the size of the duct work and the grilles with the result 
air delivery at high velocity which causes great discomfort to t 
occupants of the room. I have found that a grille installed u 


’ 


private office, directly opposite a window, and discharging a 


velocity that will carry this air to the window, will cause g 


S 


discomfort to the occupant sitting at his desk during the \ 


ter, as when the air hits the cold glass, it seems to take a rum 


jump for the fellow’s neck who'happens to be sitting anywh« 
near it, and most desks are backed up fairly close to the wind 

Every man in the air conditioning business has his own 1d 
regarding the installation of his equipment and he sincerely 
lieves them to be right. The above facts were learned fron 
perience after “living with” and operating various types of s 
tems for some time.—BuiLpING MANAGER 

[The editors wish to express their appreciation to those re 
ers who submitted replies to this question. Others which do | 
appear here were of considerable merit and would deserve p 
lication if more space were available. ] 
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Physiologic Response of Man 


to Environmental ‘Temperature 


By F. K. Hick, M. D., Ph.D.,* R. W. Keeton, M.D.** and Nathaniel Glickman, M. S.,*** (NON-MEMBERS 


Chicago, II. 


This paper is the result of research sponsored by the AMERICAN Society OF HEATING AND VENTI- 
LATING ENGINEERS in cooperation with the University of Illinois, College of Medicine 


HE response of the body to atmospheric environ- 

ment has long been a subject of interest, which has 

filled literature with important observations. In the 
earlier studies investigators have taken advantage of for 
tuitous circumstances, which constituted conditions for a 
controlled experiment. Thus Hunt,’ from studies in hot 
dry climates, made observations on the quantity of water 
which must be evaporated to render the body comfort- 
able. Haldane,’ working under conditions of high 
humidity, fixed the temperature (88 F expressed as a 
wet-bulb ), at which the dissipation of heat was inadequate 
and the body developed a fever. Here also should be 
noted the numerous observations upon heat stroke.* * It 
is obvious that the outlook for progress from studies 
of this type was limited, since chance only rarely sets 
up conditions for a controlled experiment. 

Another approach to this subject ( Petersen,’ 
Mills® *”-*) is found in the study of the effect of climate 
and weather on the individual. Since it is often difficult 
to measure quantitatively the adjustments of normal indi- 
viduals to these changes, patients with disease were se- 
lected. The course of a given disease, with its periods 
of easily discernible invasion and remission, has been 
charted. The weather records covering the same period 
have been studied and the variable factors traced. Where 
a given weather variable has shown a close correlation 
with the swings of disease, it has been considered sig- 
nificant in modifying the body’s response. This important 
type of observation has already served to focus atten- 
tion on factors which must be subjected to experimental 
study. 

For an experimental approach to the problem, the 
capacity of the environment to transmit and dissipate 
heat should be known or measurable. Hill’ introduced 
the Kata thermometer for this purpose, and it was pointed 

*Department of Medicine, University of Illinois. 

** Head, Dep: rtthent of Medicine, University of Illinois 

***A.S.H.V.E. Research Fellow 

‘The et eB. of Body Temperature in Extremes of Dry Heat, by 
E. H. Hunt (Journal of Hygiene, 12:479, 1912) 

The Influence of High Air Temperatures, by J. S. Haldane (Journal of 
Hygiene, 5:494, 1905). 

*Physiological Aspect of Heat Stroke, by L. Hill (Lancet, London, 1:661, 
1920) 

‘Thermal Adjustment of Man and Animals to External Conditions, by 
Sir C. J. Martin (Lancet, London, 2:673, 1930) 

*The Patient and the Weather, by W. F. Petersen (Edwards Bros., Ann 
Arbor, Mich., 1934-37). 

*a. Climatic Factors in Acute Nephritis, by C. A. Mills (Journal of 
Hygiene, 16:871, 1982) 

%>. Climate as a Potential Factor in the Etiology of Exophthalmic Goitre, 
by C. A. Mills (Endocrinology, 16:52, 1932) 

se. Acute Appendicitis and Weather, by C. A. Mills (Journal of Medi 
ine, 15:30, 19384). 

#4. Climatic Basis for Susceptibility to Heat Stroke or Exhaustion, 
C. A. Mills and Cordelia Ogle (American Journal Hygiene, 17:686, 1933) 

TPhysiology of Open Air Treatment, by L. Hill (Lancet, 184:1285. 1913) 
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Fig. 1—Skin temperature measurements on subject in air conditioned 


room 


action ot the heart (on a hot day people are drive 


to drink increased quantities of water by thirst, a physio 


logic device designed to replenish blood volume hes 
and similar observations are familiar to all \n analysis 
of such adjustments must be made This includes 
changes in heart action, blood vessel behavior, bloo 
volume, and blood distribution In the present study 


are reported certain objective measurements, which are 


to be regarded as preliminary to a major objective, th 


adjustment of the circulation to the environment 


Experimental Details 


Subjects This study was performed with the as 


sistance of the house officer staff at the Illinois Researcl 
and Educational Hospital located in Chicago. Since not 


mal subjects are scarcely available for hospitalization 


for weeks at a time, patients were used having certain 
complaints which required hospitalization and yet had 
no abnormality in heat regulation which could be de 
tected. It is felt that the responses of these subjects 
are essentially those of normal subjects. The subject 
|.W. was a healthy male of 24, a medical student. Th« 
other subjects had been hospitalized for some time, wer« 
ambulatory, and were psychologically suited to the re 
striction of activity required of them. They were suffi 
ciently trained in the procedures used to make their re 
ponses reliable. The subjects are designated by initial 
sex mark, age and diagnosis on the illustrations 
Observations. The variables on which daily observa 
ns were made were: basal metabolism or heat produ 


vital capacity, skin temperature and rectal tem 


perature, and the presence of sweating or shivering 
Procedure The air conditioned room is a_ small 
imber accommodating two beds on the medicine floo: 

ot the Illinois Research and Educational Hospital he 


nditions within the room were checked dailv at se 
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Skin temperature measurements were made by means 
a thermopile arrangement having several exploring 
r unknown temperature junctions The electrical cit 
cuit 1s diagrammed in Fig. 2 Che cold junctions, each 
consisting of 3 copper constantat inctions, were kept 
beside a mercury thermometer Copper wire was 


wrapped about them all, then they were introduced into 


a test tube which was kept in a thermos jar filled with 
ce and water lhe exploring button was patterned 
atter the apparatus of Sheard “he circuit differed 
rom Sheard’s in having a different switch and in the 


ise of a potentiometer 


as a null point instrument rather 


than using a deflection galvanometet [he exploring 
buttons were held on the skin bv narrow strips of ad 
hesive his apparatus carries the usual probable errors 
of similar devices. It depends on contact with the skin. 


contact insulate the skin and so alter the 


rv circulation in the 


laily readings of the skin temperature were made with 


sternum, balls 
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analysis permits the calculation of the respiratory quo- 


CC ), expired 
tient (R.Q.). The R.Q. is - If the R.O. 
O, inspired 
is at wide variance from the normal, the situation is not 
basal and the results meaningless. A mouth piece and 


nose clip were regularly used. 

The vital capacity is defined as the maximum volume 
can exhale after the deepest breath he 
Although 


relatively 


of air a subject 
can take. A simple spirometer measures it. 
very different in the different subjects, it is 
constant for each individual. Although a few other fac 
tors control vital capacity, it largely mirrors the amount 
of blood in the lungs. The the f blood 
in the lungs, the less air they can hold. 

Sweating and shivering were sought 
tion and recorded daily. 


greater volume o 


for by inspec 


Results 


Heat Production. Basal metabolism is recorded on 
the charts in Fig. 3, where the effective temperature is 
the abscissa and the heat production expressed cal 
ories per square meter hour is the ordinate. (A 
calorie per square meter per hour is equivalent to 0.369 
Btu per square foot per hour.) In such distribution 
charts there is a scatter of points on either side of a 
If the heat production were a function of 
temperature, some correlation should be 
apparent at a glance. If perfect correlation were ob- 
tained, all the points would lie on a single line. The 
points are least widespread when effective temperature is 
the abscissa. When the dry-bulb (Fig. 4) is used on 
the abscissa, the scatter is a bit wider, though not greatly 
different. Similarly, the basal metabolism is not a func- 
tion of the wet-bulb. 

3a shows an apparent slight rise in the heat pro- 


per 


trend line. 
the effective 


Fig. 
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duction with shivering in a cold atmosphere 


Fig. 3c, |.G., a woman of 23 who had survived 


heart failure, did not show any rise in metabolisn 
the cooler ranges. She did not shiver. It seems 
her basal metabolism and body temperature begat 
rise at environmental temperatures lower than that 


normal subjects. 


Fig. 3d does not extend low enough to involve 

ering 

i. 

£50} 

be ; ve 

346 DBP 17, Scohoms 

QO. 2 ‘ 

& 42 : }or : ? ‘wa 

3 +—@-+ ' a F' t arr? > oye “3 

238+ a a | rly hae 

E ‘ . 
. | Bike 

T34- ‘ 

" ; 

30+ a 

UV 65 TO 8° 85 9O 95 x 
ioe bulb tempe rature °F 

Fig. 4—Correlation of calories per square meter per hour against 


dry-bulb 


measurements were determined with 


Under these conditions t 


All these 
subjects at basal conditions. 
heat produced becomes minimal for that individual 
Rubner'* measured with a calorimeter the heat pr 
duction of a dog kept at different dry-bulb temperatur 
In the cold zone, below 16 C the animal’s heat prod 
values greatly in excess of those obser\ 
Fever was obser\ 


tion rose to 
at temperatures from 20 to 30 C. 
with temperatures above 35 C in the environment 
chemical regulation of body temperature was 
guished from the physical regulation. 

There has been some dispute as to the existence « 
chemical regulation of heat in man. Loewy,"® among 


“Die Bezichungen der eg “wT Feuchtigkeit 
fabeabe, by M. Rubner (Arch. f. Hyg., 208, 1890) 

“Ueber den Einfluss der Abkuhlung aa den Gaswechsel des Mens 
by A. Loewy (Pfluger’s Arch., 46:189, 1890). 
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temperature 
others ( Johansson ®) concluded that shive ring and othet vary their heat loss by radiati as man does i here 
; 1) nial , 7 ’ } 9711 l ritlate ; 
movements might lead to increased heat production. In ore, Mammals require some chemical reguiat 
} lh hich + : } . ’ £6... Betton . é 
the absence of shivering, the heat production was un production which mal is re placed Dy bette neans < 
changed. Hiull’’*” came to the opposite conclusion heat loss (sweating and variable radiation 
» . ‘ ‘ ‘ } . t sen ¢) } "\ +) saTyt ry th , 
McConnell and Yaglou'* did basal metabolic rate d Data obtained in these observations support the con 
terminations on healthy men, and a curve was developed tention that chemical regulation of body temperature m 
plotting basai metabolism against effective temperature as lan plays an insignificant role within the ranges show 
the abscissa. This curve rises at either end, and the 
Bass ai Results of Skin Temperature Measurement 
rise diagrammed in the hot range is similarly suggested 
in the data reported in this paper. Winslow et al Skin temperature results are illustrated by the graphs 
comment that the metabolism remains constant through 1 Fig. 5, where the abscissa is effective temperature. It 
out the range of experimental temperatures observed s apparent it in the cooler zone the extremities, pat 
lhe subjects had food 2 hours before the determination ticularly the hands and feet, cool down, even being ob 
arta we ) Ps S nae . . , ] ‘ . 
was started. Digestion is associated with a variabl erved lower than room temperature he temperature 
— heat production of over 10 per cent. of the hand rises when the environment is somewhat 
The rise in either end of the temperature ranges warmer. When still warmer environment is present, the 
studied by McConnell and Yaglou may partly result feet rise in temperature, reaching a peak about blood 
trom the inability of subjects to remain quiet and re temperature, with an effective temperature of 75 deg 


laxed when distressingly chilled, or acquiring a fever 
In the one instance shivering is involuntary; in the 
other the subjects are increasingly restless. Experienc: 
acquired in this study supports this opinion. It is estab 
that heat appears, heat production 
rises in accord with van't Hoff’s law 

The literature does not mention any man capable of 
lowering his heat production as the environment becomes 


lished when fever 


too warm under acute conditions. 
Data accumulated by animal experiments cannot b 
transferred to man when they deal with heat regula 


tion. Mammals as a rule are insulated with hair, can 
not sweat, or do so in small degree. They cannot readily 

‘Ueber die Tagesschwankungen des Sloffwechsels und der Korperter 
peratur in niichtenem Zustande und. vollstandiger Muskelruhe, by J. ! 


Johansson (Skandin. Arch. fiir Physiol., 7:123, 1897) 
7. Report on Ventilation and the Effect of Open Air on the Respiratory 
Metabolism, by L. Hill (Local Gov. Bd. Report, New Ser., No. 100, 1914 
">. Observations on the Resting Metabolism cf Children and Adults tr 
Switzerland, by Hill and J. A. Campbell (British Medical Journal 
385, 1922). 


*Basal Metabolism as Affected by Atmespheric Conditions, by W. J 


McConnell and C. P. Yagloglou (Archives of Internal Medicine, 36:382, 
1925) 
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sternum and forehead, upper 
ature of tl 


Che temperatures of the 


arms and thighs diminish as the temper e el 
ills. They do not show variations comparable 
h tl \bove &2 deg Ey] 


with the 
ven exceeding 


vironment f: 
in extent hands and feet 
the extremities continue to rise slowly, « 
finally the sternum and forehead 


At 77 deg ET 


te mperature of the extremities, especially the hands and 


there is observed a transient fall in 


feet. Since this is slightly below the point at which sweat 
appears grossly on the skin, it is considered to be a 
change in the radiation of heat, while imperceptible pet 
spiration comes out on the skin and assists with body 


cor ling 


The work of Maddock and Coller®®*” and Sheard” 
established the variable radiation capacities of the ex 

™s. Role of the Extremities in the Dissipat f Heat, by W G. Mad 

k and F. A. Coller imerican Journal Physiology, 106:589. 1933) 

™>. The Function of Peripheral Vasoconstriction, by F. A. Coller and W 
G. Maddock (Annals of Surgery, 100:983, 1934) 

“Effect cf Changes im Environmental Conditions on Skin Temperatures 
and the Dissipation of Heat from the Body, by C. Sheard, M. D. Williams 
und B. T. Horton (Proceedings American Physiological Society p. 147 
1937) 
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Fig. 6—Correlation of skin temperature against dry-bulb 


demonstrated the reflex regulation 
Hardy** has measured the great 


tremities. Barbour** 
of skin temperature. 
sensitivity of the skin to application of radiant heat. 

It is clear that a mechanism exists which regulates 
skin temperature so as to control heat loss by radiation. 
In the zone 66.0 to 72.5 deg ET this control rests largely 
in the hands. In the higher range, 70.0 to 75.0 deg ET, 
it is in the feet. 

That these data can be best correlated with the effec- 
tive temperature is not surprising. Fig. 6 indicates the 
less regular distribution of points when skin temperature 
is plotted against dry-bulb. It is well known that the 
amount of heat lost from the body by radiation dépends 
; that the 


heat lost by evaporation depends on the wet-bulb, the 


on the temperature and character of the walls 


dry-bulb, air velocity and type of air movement ; and the 
heat lost by conduction and convection on dry-bulb and 
air motion. It was anticipated that the effective tem 
perature in combining three of these variables would 
come nearer correlation with physiologic observations. 


Sweating 
The onset of sweating in these subjects (Fig. 7) was 


about 81 deg ET. 
disease process was significant in control of heat loss. 


This was rather constant where no 


The fact that these subjects were completely at rest and 
fasting permitted making this observation of the critical 
temperature for appearance of sweating. If the body’s 
heat production should increase in response to exercise 
or the specific dynamic action of food, the onset of 
sweating would be at lower temperatures. 


The Heat-Regulating Mechanism of the Body, by H. G. Barbour 
(Physiological Review, 1:%95, 1921). 

*Studies in Temperature Sensation III. The Sensitivity of the Body to 
Heat and the Spatial Summation of End Organ Responses, by J. D. Hardy 
and T. W. Oppel (Journal of Clinical Investigation, 16:533, 1937). 
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Fig. 7a—Correlation of sweating against effective tempera! 
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Fig. 7e—Correlation of sweating against effective temperature 
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Fig. 7d—Correlation of sweating against effective temperature 
Shivering 


The onset of shivering was not indicated at any crit! 
temperature. In general it was observed below 65 deg | 


Vital Capacity 
The results of vital capacity measurements are sho 


with scatter charts using effective temperature as 


abscissa (Fig. 8). There is a consistent and significant 
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Application and Economy of Steam Jet 
Refrigeration to Air Conditioning 


By A. R. Mumford* and A. A. Markson**, (NON-MEMBERS) New York, N. Y. 


ITH the introduction of steam jet refrigeration, 

district heating companies became interested in 

it as a potential source of summer load and im 
provement in annual load factor. 

On Fig. 1 are plotted the monthly total sales of steam 
to consumers of the New York Steam Corp. for the 
calendar year 1936. Two dotted sections have been 
added to the curve to indicate the increase in summer 
load if 10 per cent or 20 per cent of the space now served 
with heating steam should also be cooled by steam jet 
refrigeration. The ratio of the average month to the 
peak month is shown below each curve as a percentage. 
Although this is not the usual load factor, it is a rela 
tive figure and indicates a possible improvement which 
ought to be mutually beneficial. As in every new de- 
velopment, the particular conditions for which steam jet 
had to be designed were not fully understood in the 
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Estimated effect of summer load which might be 


Fig. 1 
added by steam jet refrigeration 


first cost and simplicity. The tendency was to model 
the installations after the well established features of 
compression machines. There are 18 machines now 
operating on the utility service in New York City, aggre- 
gating 1560 tons in capacity. Most of these were satis- 
factory as installed, but in some cases the utility had to 
work on some of them with the cooperation of the manu- 
facturers. The results of this effort have been to help 

"Research Engr., New York Steam Corp 

**Asst. Research Engr., New York Steam Corp 

Presented at the 44th Annual Meeting of the American Socrery 
or HEATING AND VENTILATING ENGINEERS, New York, N. Y., January, 
1938. 
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establish this type of refrigeration on a sound basis 
order to be able to assist those of its consumers 
had installed such equipment or who were interest 
it, a flexible program of tests and investigations 
introduced to provide the basic information for sales 
service in cooperation with the manufacturers and 
sulting engineers. 

As compared with other refrigerants being used 
air cooling, water vapor may be said to come int 
own, thermodynamically, above temperatures of 4+ 
Air cooling consists of removing heat from an air-wat 
vapor mixture. This heat, in the form of latent 
sensible, is then pumped by a heat pump to the final 


, 


level. In doing this practically, it is important to rea 
that the heat may have been transformed several ti 
from one form to another merely for the convenienc: 
the particular method. The steam jet machine as 
plied to air cooling may be considered as one in w 
a certain amount of space heat, sensible and latent 
first converted into the same quantity of heat entir 
sensible, which heat is then pumped to the condenser 
the form of water vapor or latent heat. 

Steam jet cooling may therefore be regarded 
process of air cooling in which refrigeration is don 
water vapor and air by means of water vapor and 
without the use of special refrigerants to act as heat 
carriers. Below certain cooling temperatures a refrige: 
ant of better thermodynamic properties than water vaj 
may be required. Thus, one of the main points of 
paper is the discussion and demonstration of the a 
conditioning applications which fall into the economica 
range of water vapor refrigeration. It is believed that 
consideration of these demonstrations will inform engi 
neers familiar with steam jet that objections to stean 
jet, based on the specifications of very low water ter 
peratures, arise only when its operation is improper! 
compared with that of older systems. 

Secondly, it is the purpose of this paper to dem 
strate that steam jet as a direct process should be treated 
as such in its application in order to obtain real operat 
ing advantages and economies. 

Third, a thermodynamic analysis is presented of 
jet itself to familiarize engineers with the load cha 
teristics of these machines obtainable by reduced stea: 
pressure operation at partial cooling tower loads 
the controls by which these are obtained. 

Last, a discussion is given of the really fundamental 
practical matter of condenser water from a constructive 


engineering viewpoint 
Selection of Dew-Point or Flash Tank Temperature 


The selection of the proper refrigeration temperatur' 
g I 
depends on so many conditions that a discussion of then 
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Variation of dew-point with ratio of sensible to 
total heat picked up 


Fig. 2 


all is beyond the 


scope of this papel However, the 


factors which fix the proper dew-point can be discussed 


for two conditions, namely with and without the use of 


sensible reheat. 
Without reheat, the dew-point is fixed by the ratio of 


sensible heat picked up in the conditioned space to total 


On Fig. 2 is shown a curve of dew 


heat pickup. points 
which correspond to the heat ratios picked up in the 
conditioned space when the space is to be maintained 

80 F dry-bulb and 50 per cent relative humidity. For 
ratios much below 0.63 sensible to total heat pickuy 
sensible reheat should be used The limiting dew-point 
as shown is 60 F which is the highest allowable for 
100 per cent sensible heat pickup under the maintained 
conditions of 80 F 


As more and more latent heat is picked up 


dry-bulb and 50 per cent relative 
humidity. 
the maximum permissible dew-point drops until a prac 
tical minimum of 40 F is reached at the 63 per cent rat 

If the ratio of sensible heat to total pickup in a con 
ditioned space is considered as the determinant of the 
character of the load to distinguish it from the size « 
the load, it can be stated that the character of the load 
determines the only possible dew-point which can_ be 


| 


used without reheat to meet any fixed condition to be 
maintained in the space. To illustrate the relation of 
dew-point to load characteristic, a series of psychro 
metric charts' are presented which are peculiarly well 
suited for the purpose. 

If on a standard psychrometric chart plotted wit! 
moisture content per pound of drv air against dry-bulb 
temperature, a line be drawn between a point in the dia 
gram and a point on the saturation line, it is seen that 
the ratio of latent to sensible heat is practically constant 
along this line. The chart illustrated in this paper 1s 
specialization of this principle in which the psychrometri 
chart has been erected on a framework of such ratio 


lines (sensible to tctal heat) yielding a clear method of 


he Psychrograph, by A. M. Norris (A.S.M.f ras tt J 
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reasonable allowances for variations, possible means are 
developed for improving operating economy The 
assumptions for Fig. 5 are that conditions be maintained 
iny point along the effective temperature 
é iat no reheat is to be used, but that anv suitable 
dew-point may be selected for the operation under cor 

eration. Conditions have been assumed to be main 


tamed } 


on an effective temperature line rather than that 
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they be allowed to stray throughout the comtort zone 
under the impression that wide variations, though within 
the comfort zone, may not result in complete satisfaction. 
Dew-points of 40 and 55 F have been selected as 
representing low and high dew-point operation. Limit- 
ing lines of mixtures have been drawn to the dew-points 
from the ends of the effective temperature line. The 
corresponding parallels have been drawn from the refer- 
ence center to the ratio arc and these intersections indi- 
cate the ranges of load character which may occur in the 
conditioned space and yet have the maintained condition 
remain somewhere along the effective temperature line. 
Both the position of the range and the size of the range 
are different for the two dew-points. The higher dew- 
point, as would be expected, can not handle as great a 
latent heat load without reheat as the lower dew-point. 
Conversely, the lower dew-point can not handle as high 
a proportion of sensible heat as the higher dew-point. 
The approximate changes in the character of the load 
which may take place in theaters, restaurants, office 
buildings and stores are shown in Table 1. 
Table 1—Estimate of Range of Change of Load Character Which 
Installations Should Be Expected to Handle 








Ratio oF SENSIBLE HEAT 
Type oF OccuPANCY ro Torat Heat Pickep Up 


Ballroom, Night Club, etc 54—80 
Theater Building.. | 70-—90 
SOO8S. occces 74—90 
Office..:.. 


78—90 








One of the important variables is the person load 
which, in most cases, is the principal source of latent 
heat load. It is obvious that this load will vary during 
the day and, if comfort conditions are to be carefully 
maintained without reheat, the dew-point must be 
changed to suit the new ratio. It is to be noted that 
control along the effective temperature line within the 
comfort zone requires that the dry-bulb temperature vary 
from. about 81.5 F at 40 per cent relative humidity to 
78.5 F at 60 per cent relative humidity. The volume of 
air circulation is assumed to be constant so that varia- 
tions of dry-bulb temperature and relative humidity 
result from changes in the proportion of recirculation 
and dew-point. 

Fig. 6 indicates the ranges of load character which 
may be handled without reheat when the maintained con- 
ditions are allowed to vary along the effective tempera- 
ture line and the dew-point is made variable from a 
practical low of 40 F to a maximum of 63.5 F cor- 
responding to the 60 per cent relative humidity point on 
the effective temperature line. It is shown that by vary- 
ing the dew-point, a change in load character of from 
55 per cent sensible heat to 100 per cent sensible heat is 
possible in maintaining the desired conditions without 
reheat. By maintaining the maximum dew-point for any 
given load character, the greatest economy of refrigerat- 
ing energy will be realized. The range of load character 
permitted by this scheme of operation is sufficient to 
meet those changes typical of most commercial applica- 
tions. 

On Fig. 7 reheat is introduced to the problem. It is 
assumed that a fixed condition of 80 F dry-bulb and 50 
per cent relative humidity is maintained in the condi- 
tioned space with variable dew-point and reheat. At the 
lowest dew-point of 40 F, air by-passing is all that is 
required and a load character of 63 per cent sensible heat 
is the only one it is possible to meet. This ratio, how- 
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ever, can be met by a dew-point of 56 F by rehea 
from the saturation line to 70 F and eliminating air 
passing. For higher pickup ratios the treatment is 
same as for the 63 per cent ratio and the maxin 
dew-point will rise with each ratio until, at 100 per . 
sensible heat pickup, the dew-point is about 60 F. 
any pickup ratio between 63 and 100 per cent th 
of reheat permits the use of a higher minimum 
point. Thus, where a set of conditions has been assu: 
which, without the use of sensible reheat, would cal! 
a theoretical dew-point variation of from 40 to 60 | 
is apparent that the same conditions can be mainta 
by a dew-point variation of only 4 F, from 56 to 6 
if controlled reheat is provided. It is apparent that | 
washers are required for these schemes of meeting | 
character differences but it is believed that the econ 
of high dew-point operation with steam jet equip 
and the ability to maintain desired conditions exactly 
factors which may well offset the increase in equipn 
size. 

The range of load character shown in Fig. 7 car 
extended by permitting the maintained conditions 
follow along the line of effective temperature as s| 
in Fig. 8. It must be emphasized that sensible re! 
from a comparatively high dew-point is required w! 
the sensible heat constitutes less than about 63 per « 
of the total heat picked up and the desired conditi 
can not be met by continuing to lower the dew-point 

No difference is made in the scheme of operation 
the controls would, of course, be different. Some 
crease in economy of refrigerating energy is possib! 
when the sensible heat ratio is high and the conditions 
are maintained at the lower end of the effective temper 
ture line. 

It has been indicated that the conditions required 
all air cooling installations can be met by dew-points 
within the economical range of a steam jet refrigerator 
most of them without reheat and some only if reheat 
provided. 

It has been indicated also that the attempt to meet th 
requirements of widely varying heat picked up rati 
such as are met in theaters, ballrooms and restaurant 
without reheat and by the use of very low fixed dev 
points is not theoretically correct and does not give gov 
practical results. The low fixed dew-point arrangement 
is apparently an adaptation of mass production equi 
ment to the problem. 

It is believed that a simple and correct method 
meeting variations in heat ratios picked up is afforded 
by direct dew-point control which is easily obtained wit! 
the steam jet machine. 

If the dew-point, and therefore the refrigeration ter 
perature, must be changed to meet exactly those changes 
in load character which occur in most air conditioning 
installations, it is important to know the influence 
changing refrigeration temperatures on energy consum{ 
tion. The influence of refrigeration temperature on t! 
economy of steam jet is important so this characterist 
is carefully examined in the following paragraphs 

The temperature to which the chilled water is coo! 
by flash evaporation is termed the flash tank tempera 
ture. In some machines, this temperature is held c 
stant by thermostatic control. With such machines 
which are designed to cool the circulating water betw: 
two fixed temperatures, it is necessary to vary the qu 
tity of chilled water by-passed through the coils 
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Fig. 7—Range of pick up ratios which can be met by varying 
the dew-point with reheat if conditions are fixed 
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Fig. 8—Range of pick up ratios which can be met by varying 
the dew-point with reheat if conditions are allowed to vary 
along an effective temperature line 
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washer to meet variations in load. Other machines n 
maintain a fairly constant water temperature on the d 
charge side of the coils or washers by permitting 
flash tank temperature to vary, depressing it as 
quired by increases in washer load. With such machin 
the quantity of chilled water circulated is held consta 
the required variation in refrigerating capacity bei 
obtained by the variation of temperature. 

Theory, confirmed by tests of equipment installed 
consumer's premises, indicated that the capacity of 
steam jet machine to produce refrigeration increa 
with increase in flash tank temperature. For exampk 
booster capacity of 20 tons was obtained when the fi; 
tank temperature was 40 F, and when it was 50 | 
capacity of 32 tons was obtained. A little arithm: 
will indicate readily why this result was obtained. 

The booster system functions to remove water vay 
from the flash tank, and to increase the pressure of t! 
vapor to the pressure existing in the condenser whe: 
it is condensed, thus permitting the transfer of the h 
content of the vapor to available condensing water. 1 
heat of vaporization is withdrawn from the water in | 
flash tank and this removal results in a lowering of 1 
liquid temperature in the tank. This withdrawal of hea 
sets up a differential between the heat in the liquid 
the water entering the flash tank (H,) and the wat 
leaving the flash tank (H,) which differential is mac 
up of the product of the latent heat (/.,) and the fra 
tion evaporated (X). 

H, = H. + XL, (1 

The fraction evaporated (X) is obviously the quotient 
obtained by dividing the difference in heat contents hy 
the latent heat per pound. 

H,—H; 


I 
The useful heat rejected to or pumped up to the « 
denser is obviously H, — H,. 


The tonnage developed per pound of vapor is 
12.00 
which corresponds to 11.3 lb of vapor per hour per tor 
of refrigeration at 50 F. 

The specific volume of the vapor formed by 
evaporation of part of the flash tank water decreases as 
the flash tank temperature increases, whereas the latent 
heat of evaporation remains nearly constant. Thus 


L, 


for 50 F is equivalent to 11.3 Ib per ton as giver 


12,000 
previously or 19,200 cu ft of vapor must be handled 
S 
per ton; whereas at 40 F, ———— is equivalent to 11.2 | 
12,000 


per ton or to the handling of 27,400 cu ft of vapor pe 
ton. Thus, on the basis of volumes alone, a_booste: 
system handling sufficient flash tank vapor to produc 
20.0 tons of refrigeration at 40 F would handle enoug! 


27.4 


x 20.0 or 28.5 tons at 50 F. Actual! 





to produce 


tests bear out this conception of the jet as a constant 
volume compressor. 

On Fig. 9 are shown the results of tests of refriger 
tion capacity as a function of flash tank temperatur 
The capacity of one booster is shown to rise almost as 
straight line function of flash tank temperature. T! 
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ts I tive ic! ( \ ( ( c t 
I eatest eco! t I 
economy of high flash tank temperature operation is characte lf the greatest p ; 
shown by the second curve which is almost a straight 1 ergy is to be realize not ( 
line function of flash tank temperature. The steam cor ne be controlled by t ( , 
sumption has been expressed as a fraction of the con ut the dew-point itself shor 
sumption at 40 F flash tank temperature and it is to b sible 
noted that these fractions apply exactly only to the It has e] ecause a 
machine tested. However, except for variations in th ( nachine operates as a constant rm » ty 
design point, the fractions for other machines will follow imp an vecause the volume 1 Ib iter vap 
the same characteristic curve. It is obvious that the ecreases rapid! the saturation temperature or pres 
rapid rate of increase of capacity or decrease in steam re rises without material change in latent heat pet 
consumption with increase in flash tank temperature is ul t is possible, by raising the saturation or flash 
a characteristic which should be borne in mind in th tank temperature, to substantially increase the capacity 
design of refrigeration for air conditioning. the machine or to substantially reduce the steam con 
The fact that the capacity of a steam jet machine in umption per ton of refrigeration produced. It has been 
creases with increased flash tank temperature may b licated that the thermal storage introduced into the 
taken advantage of either to gain more capacity 01 cycle by the supply of chilled water in the flash tank 


reduce steam consumption. This favorable consumption 


characteristic is not, of course, peculiar to steam jet 
compressors but has its parallel in the effect of suction 
temperature on the capacity of mechanical compressors 
In the steam jet system, however, the flash tank intr 

duces a very high thermal storage which makes it prac 

ticable to control the refrigerating machine directly, with 
little chance of hunting, in meeting load changes suc] 
as occur in air conditioning work. 

In many systems, the chilled water is generated at a 
temperature as low as 40 F. In order to avoid the com 
plicated systems of regulation which would be required 
| the refrigeration output were to be instantaneously 
changed, without lag or over travel, to meet the load 
changes, a thermostatically controlled valve bleeds the 
proper amount of chilled water into the dehumidifier 
circuit to produce the required dew-point. This pro 
cedure results in a practical but not particularly eco 
nomical means of control, which has some understand 
able advantages from the production and _ installation 
standpoint. 

The flywheel effect of the flash tank storage makes it 
ossible to control the steam jet unit directly from the 
w-point thermostat. This method 
eliminate the cold water by-pass control and chilled water 


oe 


of control will 
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makes it practicable to control the flash tank tempera 
ture directly from the dew point thermostat in a simple 
manner. The inescapable conclusion is, therefore, that 
} 
i 


operating energy economy will be greatly improved by 


operating at the highest possible flash tank temperature 


Several spe cific cases have been discussed to illustrate 


possible variations of the operating scheme, which will 


make it possible to take the maximum advantage of the 
economy of flash tank temperature operation by showing 
the limitations of fixed dew-point temperature operation 
and the greater range of load character which can be 


With reheat 


the ranges and economies possible are similar to those 


covered at high dew-points without reheat 


obtained without The authors believe that de 


sired conditions can be obtained most satisfactorily over 


re heat 


allowing the dew-point to vary under 
that 
whereas the rise of reheat and refrigeration may be set 


a wide range by 


control. The point with respect to steam jet is 
by operating conditions, the rise of saturation or flash 
tank temperature may be used to cut down the refrig 
erating energy required by the system over that required 
by constant flash tank temperature operation. By as- 
that all the air passed 
washer is outside air, it is seen that as the 
percentage of outside air is increased the offset to in- 


limiting condition 


suming as a 
through the 
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creased operating costs by generating chilled water at the 
highest possible temperature may be considerable. 


Steam Supply Pressure 


lf the pressure of the steam supplied to an operating 
booster on a steam jet machine is continuously reduced 
by throttling from the maximum, a point is reached 
where the jet breaks and refrigeration ceases. <A jet 
will break at pressures which vary with the condenser 
vacuum, the break pressure decreasing as the condenser 
A jet will be stable as long as the steam 
break pressure. 


vacuum rises. 


supply pressure is above the Because 
the steam consumption of a jet is proportional to the 


initial pressure, it is obvious that to operate at any pres- 





Fig. 10 


sure materially above the break point is wasteful of 
steam, and any control that will maintain the supply 
pressure only slightly above the break point as the con 
denser vacuum changes will greatly reduce the energy 
required over that at constant pressure. 

To properly develop the technical and practical aspects 
of this characteristic of a steam jet refrigerating machine, 
it is advisable to digress slightly to indicate how the 
steam jet design problem may be analyzed with the aid 
of a Mollier diagram. 

While the following simple analysis of the thermody 
namic processes in the main booster is not basically new, 
it may be advanced to derive an understand- 
ing of a basic framework around which jets 
The Mollier diagram, Fig. 


Because certain 


may be designed. 
10,.shows the analysis used. 
of the condition points are determined chiefly 
by experiment, it should be realized that the 
analysis is more of a rational method of at- 
tack than a complete solution. The line 1-2 
represents the isentropic expansion line in 
the high pressure steam nozzle, while line 
1-3 represents the approximate actual expan- 
The energy available. for propul- 
sion is measured along the isentropic and is 


sion line. 





Analysis of thermo-dynamic processes in booster of steam jet machine 


Conditioning 


Section 


the flashed steam or refrigeration vapor may be re; 
sented by the point 5 on the saturation line. This flas 
steam is mixed with the propelling steam from thc 
at the pressure to which the jet steam has expanded 
suming that the mixing of the two steams 1s accomplis 
without losses, the mixture may be represented by | 
7 which indicates the increase in unconverted heat « 
tent of the jet steam by the admixture of flashed 
To compress this mixture, available energy 1s rej 
sented by the isentropic compression line 7-8, per p 
of mixture. Obviously, some of this energy will 
shock losses, etc., 
part of the available energy lost may be represente 
that portion of the isentropic between points 7 an 
On the Mollier diagram, this loss can be represente: 
a throttling process from point 9 to point 6, giving 
initial condition prior to compression as point 6 
final condition may be represented by point 10 whic 
located by considering that it 1s on the condensation | 


’ 
} 


before compression starts and 


sure line and that it has a total heat equal to the 
contents of the propelling steam and flashed steam. | 
10 represents the actual path of the 


ture compression. Line 11-13 1s the ay 


able energy lost in compression, frict 
shock and leaving loss. ‘Thus, the 
available energy of propulsion is account 
for. The condition of the steam at 
time during compression is given by 
line 6-10. The velocities at points in t! 
path are t drop along 
isentropic 13-6 from 13 to the point 


given by the he: 


compressor cTOSS-SectT 


calculated 


question Che 

contour may be from. the 
data. 

The chart illustrates the energy chang: 


propelling steam acquires a 


s taking p 
in a booster when the 
velocity by expanding to the flash tank pressure, mi 
with the flash tank steam and then reconverts som 
its velocity energy into static pressure as it pum 
flash tank vapors up to the condensing pressure. I 
obvious, after a short examination of this chart, that 
energy equations will indicate a lower required st 
consumption if the line 6-10 is shortened by raising t! 
flash tank temperature indicated by point 6. Simil 

it is obvious that an improvement in condenser vacuuw 


unaccompanied by other changes will decrease requ 


°” 


x 
@,% —_ 
© 





represented by the line 1-4. The two expan- 
sion lines, the isentropic (1-4) and the ac 
tual (1-3), are used to fix. the contour of 
the main-.nozzles much as -turbine- nozzle ‘ie 1] 


: a err ir % Fig. 
contours are fixed. The initial condition of . 
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Analysis of theoretical work of compression at constant supp!) 


pressure and changing condenser pressure 
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Fig. 1 Variation of available energy for propulsion and steam consumption 
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ents for propelling energy represented by the line 6-10 lotte 
without decreasing the available amount of such energy sumptie 


reased efficiency is clearly shown on 


ig 


indicated that the useful work of compression per pound 


lI 1s condition ol dec 


Fig. 1] Considering ll, it has been previously 


y 
~ 


of a mixture at any point along the condenser pressure 


line is given by an isentropic such as 1-3. Suppose, 


; 


however, that the condensation takes place at a higher 


vacuum because the cooling tower is operating under 
lower outside wet-bulb conditions, which results in con 
lensation along a line of lower pressure The useful 
work of compression is now 3-2. The actual compres 


which is much worse than the 


1 
sion line is seen to be 3-5 


former lines 3-4. From this, it is seen that the constant 


pressure operation is done at a considerable sacrifice of 
real efficiency at partial condenser loads. The explana 


tion rests in the fact that the position of point 3 can not 


change as the ratio of propelling steam to flash tank 
steam is held constant by constant steam supply pressure 
rhe result is that the efficiency, represented by the angle 
between the actual compression line and the isentropic, 
must vary with the condenser vacuum and grow worse 
as the vacuum improves. 

It is possible to correct for this change in condenser 
vacuum and operate at practically constant thermody 
namic efficiency by throttling the steam supply pressure 
\ throttled steam supply pressure causes the throttle 
flow and consequently the available energy for propul 
Considering the jet as a constant vol 
the 


sumed to remain constant while the steam supply pres 


sion to decrease 


can be as 


um e compressor, refrigeration tonnage 


Tests of actual machines have 


shown that the steam supply pressure can be throttled 


sure is being throttled 
any point above the break point without appreciable 
pacity change. Actually, this constancy of capacity is 
robably due to the fact that the effect of the several 
hanging conditions on the capacity adds up to zero 
‘hus, the nozzle expansion ratio changes and the nozzle 
ficiency falls off considerably when the steam supply 
ressure is varied widely. On the other hand, the shock 
sses and all velocity functional losses decrease as the 
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as unity. By combining the effect of the curve of rela- 
tive available energy and relative work required, the 
effect of throttling the steam supply pressure on steam 
consumption can be indicated. The basic booster steam 
consumption used was 30 Ib per ton of refrigeration, with 
a flash tank temperature of 46 F and a condenser pres- 
sure of 2 in. of mercury. Relatively, the steam consump- 
tion will be reduced from 30 to 10 Ib per ton when the 
condenser vacuum rises from 28 to 29 in. 


Cooling Tower and Evaporative Condensers 


The cooling tower should be considered as the mechan- 
ism by which the heat rejected in the refrigeration cycle 
is finally disposed of to the atmosphere. It may be 
likened in theory to a large wet-bulb thermometer, the 
temperature of which is the result of the equilibrium be- 
tween the gain of heat by the thermometer bulb due to 
dry-bulb temperature and the loss of heat due to water 
vaporization from the bulb. The ratio of heat trans- 
mission by conduction to that by evaporation is approxi- 
mately constant over a considerable range. The cooling 
tower has been analyzed by considering it as a device 
which operates by virtue of the difference in vapor pres- 
sure between the water and the air along the path of 
cooling. An analogy between temperature difference 
and vapor pressure difference results from this treatment 
so that a tower may be assigned a coefficient of heat 
transmission which dimensionally is Btu per hour per 
cubic foot per inch of mercury integrated cooling poten- 
tial. 

Since the vapor pressure of water rises rapidly as the 
temperature of the water rises, the cooling tower is a 
device which will reject increasing quantities of heat 
as the water temperature increases, so that the equi- 
librium between it and the refrigerating machine must 
always be theoretically attained. Practically the con- 
densing water temperature may not exceed the vacuum 
conditions under which the jet is stable. Towers are 
ordinarily designed so that the heat load specified will 
be rejected at a certain inlet water temperature and out- 
side wet-bulb. The wet-bulb temperature seems to be 
fixed at 75 F. There are a small number of hours during 
the year in which the wet-bulb in New York City ex- 
ceeds 75 F. During these hours when refrigeration is 
most needed, the machine functioning with a water 
tower temperature of 75 F will have operating difficul- 
ties. There are at least three solutions available which 
are: 


1. The loss of capacity may be accepted at overload as must be 

done on mechanical compressor installations. This has the psy- 
chological disadvantage of being tangibly in evidence. 
2. An auxiliary supply of cooling water for handling over 
peak loads may be cut into the tower circuit. This has the ad- 
vantage of cutting installation costs at a negligible cost of peak 
water makeup. 

3. The machine itself may be designed for a condensing water 
temperature which will be adequate to meet any external wet- 
bulb condition. In this case, it is imperative to include partial 
load throttling in the design. Since the writers believe that this 
is the most satisfactory from an all around economy standpoint, 
this should be elaborated. 


In connection with the cooling water problem, the 
writers have available test data on a 68 ton steam jet 
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Go's. Conditioning 


unit operating in New York City with an evaporat 
These data are of interest because of 
this evaporative condenser 


condenser. 
pioneer character of 
steam jet combination on an air conditioning applicati 
On a day when the outside wet-bulb temperature y 
75.4 F the tests show that the machine developed 6 
tons of refrigeration with a flash tank temperature 
45.7 F. The unit steam consumption was 27 Ib 
hour per ton of refrigeration. 

Since the units are specifically designed and maz 
factured at present for each installation, there exists | 
opportunity to engineer more advantages into the inst 
lation than may be possible by using off the shelf equ 
ment. 

Steam jet coolers need suffer no operating handi: 
when compared with other types of equipment. 1 
starting of these machines may be made completely aut 
matic with a single push button operation. They n 
be controlled for standby operation in connection wi 
adiabatic cooling during the variable months. In ¢ 
connection, the storage capacity of these machines g 
a supply of cold water which may be drawn on for 
stant use. It is of interest to note that, 
adiabatic cooling should have a prominent place in 
economic study of coil versus air washer installation 


genera 


Controls and Requirements 


It is quite feasible to consider the completely aut 
matic operation of a steam jet machine and following 
this procedure through step by step seems a desirabl 
approach to the basic control requirements 

1. Push button starts the cooling water circuit includi: 
pumps, towers and fans. 

2. Pump circuit is interlocked with motor valve on secondar 
ejectors. 


3. Condensate pump is started by a fi 


Hoat switch, the 
output being controlled by a level controller. 

4. When the condenser vacuum rises to the proper val 
vacuum switch energizes the main booster control circuit 
starts the chilled water pump. The machine should now 
the line. 

5. When the chilled 


determined setting, a thermostat throws in the throttling cont: 


} 


water temperature reaches a pri 


The only safety device required practically is one 
thermostat. It throws the machine off the line should 
any failure take place which results in loss of load. This 
consists of a thermostat in the chilled water line set 1 
shut the steam off at an abnormal chilled water tempera 
ture. No manual supervision in excess of that required 
with any other type of apparatus should be needed 


Economy Control 


The steam pressure should be throttled in accordance: 
with the condensing pressure so that the tonnage ma) 
be delivered at the lowest steam pressure compatibl 
with the jet stability. 

One apparatus developed to accomplish this consist: 
of a valve in the steam line controlled by an air operated 
regulator which automatically balances the pressure di! 
ferential existing between the condenser and the flas! 
tank against steam pressure, so that every condense’ 
vacuum condition calls for and maintains a proper oper 


Heatinc, Princ ano Air Conpitioninc, Marcu, 193: 








ng steam pressure. Being a differential device, baro from constant pressu perat 


etric changes do not affect it. peration, it was found that the factor 0.6 w 
A modification of this principle has been successfull) to 0.4 ate 
‘ iployed to control condensing water on purchased steam consumpti 


water supply. In this application, the steam pressure 


is held constant and the condensing water is throttled to : ae Conclusion 
maintain a constant differential between flash tank and A viiters Deleve that UE 
condenser. influence of flash tank temp ’ ca 
It is obvious that two courses are available to the a ony oe 
designer of the steam jet in providing maximum economy by | emnertrh4 Wher 
and ability to handle peak load. It may be shown that “a > oo M u 
certain relationships exist which make it possible to do OS Ream jee are se _— 
this without material sacrifice of economy. — ae oe pa mate _ 
The stability of geometrically similar jets is proporti eran : 7. , = 
to the relationship between the propelling steam and the flashed _— i, sialic esent . ' 
steam. stressed on the economic prodauctiol ror 
2. The stability of the same jet is proportional to the stear nm this papel discussion 
pressure, tive and economu 7 f refrige 
The flow of steam is proportional in the same jet, to the r potential , ; 
steam pressure. erpret the eff a | 
[wo courses are open. In most installations the ce © CHCcUVENtE 
signer of the machine has considered only constant pres n108 ae 4, 
sure operation. Consequently, the boosters are designed Recommended Bibliography 
to give the least steam consumption at the stated con 
densing water temperature. This has meant designing ; 
for the maximum available steam pressure. The result . 
is, and has been, unfortunate (he machines do not 
perform at peak wet-bulbs without assistance 1. Operating 
On the other hand, if the designer initially gave the Refrigera R. M 
machine stability, safety in excess of that to be encoun V. D 1, 1935 Ste 
tered under peak load, and then provided for throttling Se oe SS alee com ter temp 
of the steam pressure to that required by the actual — oe - 
characteristics of the steam jet, the machine would per- a e~ . ; ' 
form at peak wet-bulbs a - M4 a snein- , : C 
Practical Results of Throttling Steam Supply test results a1 
Pressure md reiigerating & ( 
et Ti ; ’ { 
Studies of the consumption of steam to be expected Improving Pertor nee t St 
ver the cooling season in New York have shown that Hull (Pr i NV. 1 1., 1937 G 
constant pressure installations will use, on the average, piled consumption tf ls of 101 
about 0.6 of the full load steam consumption “he ndenser t 
seasonal steam consumption is the product of the fol 
lowing factors: . : ’ r . Dat, + 
Installed Capacity (Tons) * Unit Steam Consumption (P 04 Ont ; 
er Ton) * Hours of Operation X 0.6 Seasonal Consumpt 1d techr G 


Considering two installations which were both altered racteristics of 100 





Effect of Yaw on Vane Anemometers 


Customary practice In using a vane anemometer 18 to etrect Of air stream inclis ation | Vaw I tii peri 
ount the instrument so that the axis of rotation of the ince of three vane anemometers used in fan tests. ‘ 
ine wheel is parallel to the axis of the fan or duct for plete details concerning this investigatt e reporte 
which measurements are to be made. Generally, no at in the Research Paper RP1056, released the National 
tempt is made to determine whether or not the air flow Bureau of Standards December 1937 
is parallel to the duct or fan axis, although directional Results show the presence of substantial directional 
fects due to vaw may introduce errors of the order of errors within the 0 to 35 deg range of yaw angles. The 
one per cent for angles of instrument inclination less several tests were performed in a wind tunnel in whi 
than approximately 20 deg a4 maximum directional error of about 5.5 per cent o 
\ccurate results with an anemometer are only possible curred when one of the instruments was displaced about 
en mounted with its axis parallel to the fan axis and 15 deg from alignment with the air stream of the wind 
providing a correction factor for air stream inclination tunnel. An error of about one per cent was observed 
known and applied. To establish suitable correction when an anemometer of substantially the same diameter 
tors an investigation was undertaken to determine the but of different design was displaced the same amount 
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Proceedings of the 
44th Annual Meeting 


OF HEATING 
ENGINEERS 


AMERICAN SOCIETY 
VENTILATING 


New York, N. Y.—January 24-28, 


STABLISHING another record of attendance of 
over 1,000 individuals from all parts of the 
country and abroad, the 44th Annual Meeting 
of the Society, held at the Hotel Biltmore, New York, 
N. Y., January 24 to 2 


28, was declared an outstanding 
All of the technical sessions were well attended, 


success. 
with especially large numbers present at the joint ses- 
sions held with the National Warm Air Heating and Air 
Conditioning Association and the American Society of 
Refrigerating Engineers. 

The Council held two meetings during the week and 
assisted in the opening of the Fifth International Heating 
and Ventilating Exposition on January 24, which at- 
tracted nearly 45,000 people. » Representatives from all 
of the local chapters were present at a conference on 
January 24 where Society officers and delegates dis- 
cussed the future activities of the organization as related 
to local interests. 

Numerous technical committee meetings were sched 
uled where research problems of common interest to 
outlined for future consideration. 
Codes relating to Minimum Requirements for Comfort 
Air Conditioning and Stoker-Fired Heating 
Boilers were reported to the Society. 


the profession were 


Testing 


FIRST SESSION— 


Tuesday, January 25, 1938, 10:00 A. M. 
Pres. D. S. Boyden, Boston, Mass., called the 44th 
Annual Meeting of the Society to order in the ballroom 
of the Hotel Biltmore and introduced W. E. Heibel, 
New York, president of the New York Chapter, who 
welcomed the members and outlined briefly the program 
of entertainment and important events of the meeting. 


On behalf of the Society President Boyden responded 
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D. S. Boyden, Boston, Mass. 
President—1937 
and thanked Mr. Heibel and the New York Chapt 


their cordial greeting. 
President Boyden, in reporting the progress duri 


1 


current year, referred the members to the detailed 


ities of the Society published in both the JouRrNaAl 
TRANSACTIONS. He then pointed out the rapid g 
that has taken place in the industry during the pa 


and particularly that branch referred to ; 


is an 


ing. Reference to the business conditions tl ft 
the country during the last year were emp! LS1Z¢ 
the president as being better than for several y 
which has contributed to the success of the So 


During the past year the 
was established, 


Speakers Bureau of th 


which enabled each ( 
various outstanding authorities deliver talks at the 


Chapter meetings. 


hapter 


According to President Boyden, 1 
service was being used to considerable extent and 

being well received. Another outstanding accomp! 
ment of the Society during the past year was the est 
lishment of closer cooperation between the heating, 
tilating and air conditioning profession and those 
ciated with the medical and health viewpoints. Mu 
work along this line has already been accomplished 
the Society, as pointed out by President Boyden 

there is evidence to indicate that the efforts of thi 


operative work will be responsible for the impr 
health and longevity of mankind. 
The Report of the Membership Committee was t! 


presented by R. C. Bolsinger, Conshohocken, Pa 


Report of Membership Committee 


Although it is the general thought that a Society like 
should not expand too rapidly, the increased interest 
matic heating, ventilating, and air-conditioning demands that 


rts 


invite those associated, trained, and experienced in these at! 
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Report of the Council 


Toronto, Canada 


Gurney, 
1938 


President 


E. Holt 


student membership should bh 
ose who are ' 
air-conditi 
he Society 


to 


very 


takes this opportunity 
lor the iT 


mmmittec 
Ommittees 
ll, W 


nts, W. H. Driscoll, 
Report of the Secretary 


members! ‘ 


C. Willard, H. M. Hart, | 
regarding m« 


ntributions 


pter 


Ss bmitted, 
MEMBERSHIP COMM 
Bol SINGER, ( / 


R. ¢ 
\LBERT 
W.A 


Br ENGER 


RUSSEL! 
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a 
show a greater increase in membership than had ever bee; 
corded previously. During the last two weeks of the yea: 





the organization of chapter activities in three major cities and 
the extension of research investigations into wider fields. 

The volume of work carried on at the headquarters office number of applications received almost reached 50 per ce: 
the total filed during the first 11 months. The total num! 


exceeded any previous year in the history of the Society, be- 
On January 1, 1937 there 


cause more copies of THe GuIDE were distributed, monthly applications for the year is 895. 
JoURNALS were larger, two volumes of TRANSACTIONS were 2372 members on the rolls and during the year 473 new 


issued, and two codes were completed, in addition to the normal 


bers were elected; losses were 197, so that the year ended 
routine of handling membership applications, changes of ad- 2648 members or a net gain of 272. 
dress, employment and other administrative details. } 

The employment service work has been carried on through- 
out the year with a notable increase in volume during the last September to 
few weeks. Through the chapters, efforts have been made to speakers to address 19 Chapters. 


list those needing employment as rapidly as their needs were 


A heavy addition to the office work was imposed by the 
lishment of the Speakers Bureau to assist the chapters and 
December arrangements were completed 


For those who are statistically minded, it might be not: 


made known. over 100,000 letters were mailed and if the stamps pur 


Up to the middle of December, it was evident that 1937 would were placed side by side they would reach from the New 





BALANCE SHEET* 


HEATING AND VENTILATING ENGINEERS, New York, N. Y 


December 31, 19387 


AMERICAN SOCIETY O! 


LIABILITIES AND CAPITAI 


ASSETS 
SOCIETY SOCIETY 
CASH— ACCOUNTS PAYABLE 
On deposit $57,746.69 PAYABLE TO RESEARCH FUND 
On hand 100.00 On dues as and when collected 
On hand for deposit 42.95 


¥ SS89.64 
In closed bank $57.05 ACCRUED ACCOUNTS 
$58,346.69 Compensatior Secretary and staff 
INVESTMENTS (AT COST) RESERVE FOR PUBLICATION 
Securities (Market value $11,544.00) $11,525.31 TRANS ions, Vol. 43 
Add—Accrued interest 61.46 
11,586.77 
ACCOUNTS RECEIVABLE DEFERRED INCOME 
Membership dues $13,700.06 Prepaid dues— Members : " 
Less—Reserve for doubtful . 8,315.27 Prepaid dues—Proposed members 134 
$ 45,384.79 
Advertisers and sundry debtors $33,631.54 
Lese—Reserve for doubtful aconereee™ RESERVE FOR ENDOWMENT FUND REPLEN 
32,110.42 
37,495.21 ISHMENT 
5 inact vancecenng re rOTAL LIABILITIES ‘ 
TRANSACTIONS , $ 3,255.67 
Emblems and certificate frames 34.16 
3,289.83 GENERAL FUND 
PERMANENT Santos 
$ 300.00 


Library 
Furniture and fixtures % 6,056.66 


Less—Reserve for depreciation. . 5,080.92 
5 SPECIFIC FUNDS 





975.74 
1078.76 ENDOWMENT FUND 
DEFERRED CHARGES Principal ¢ 
Meeting expenses 216.7 Unexpended income 
— $112,210.97 
SPECIFIC FUNDS F, PAUL ANDERSON AWARD FUND 
ENDOWMENT FUND Principal % 
Cash on deposit $ 322.52 Unexpended ine 
Securities at cost (Market value 
$8,140.00) } ‘a $11,918.65 
Add—Accrued interest / 7" 111.35 RESEARCH FUND 
12,080.00 ENDOWMENT FUND 
17,352.52 rinc . e 600.00 
F. PAUL ANDERSON AWARD FUND a Sr ta to 
Cash on deposit... 1,164.61 ‘ 
RESEARCH FUND 
ENDOWMENT FUND 
Cash on deposit..... a . 3 491.90 UNRESTRICTED FUND 
Cash in closed bank.... 183.03 Balance—January 1, 1937 $15,060.16 
. 674.98 Excess of expenses over income for the year 
UNRESTRICTED FUND ended December 31, 1937 3,453.78 
Cash on deposit. $ 9,171.05 11 
Cash on hand... a sil due 50.00 
NOTE “A” This Balance Sheet is subject t 


Cash on hand for deposit 2,385.33 
11.606.88 comments contained in the letter attached 
= 12,281.31 


$143,009.41 


to and forming a part of this report 


*From report of Tusa & LaBella, Certified Public Accountants. 
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New Jersey portals of the Lincoln Tunnel. The number of General 


Members 
Gumes shipped amounted to 30 tons or a car load and one half i 


proof reading of the text section of THe Guipe involved Pres lt 
350,000 words equivalent to four full length novels. The number a S, ‘ 
Guipe orders handled amounted to 8000 items Address ( 
nges numbered 1450 and checks issued totaled 725 
During the year assistance was given in the organization of _ : 
three new chapters with headquarters at Atlanta, Ga., San Fra “ : 
cisco, Calif. and Omaha, Nebr. 
Your Secretary assisted in the organization of two of thes« Le 
Chapters and visited seven other chapters during the year and bay 
also attended the meetings of numerous national organizations nis. ‘ 
nterested in A.S.H.V.E. activities. 
The reports of the many committees to be presented at this Cost G 
meeting will give an accurate picture of the varied activities oi . 
society. 
It is a great pleasure to acknowledge the cooperation given Mailing 
the Officers and Council, Chapter Officers and the Committee I 
members, who have assisted in making 1937 a banner year for Cuts : 
the Society. > ; 
It is fitting that special mention should be made of the splendid \ 


service rendered by Mr: lames and the other members of the 


, 1: , , , 
eadquarters Stal Pheu ability to respond to the increased 


tempo of activities and to handle an extraordinar volum« 
rk deserves special recognition by the members 
Respectfully submitted, 


A. V. Hurcuinson, Secretar 


Report of the Finance Committee 
BUDGET COMPARISON—RESEARCH FUND 


J. F. McIntire, Detroit, chairman of the Finance Com \MI in So H 


mittee, gave the Report ot the Society's Certihed Pul 


1 
vile 


Accountant, showing the conditions of the finances for 


the calendar year 1937. In commenting on the report, 

Mr. McIntire referred to the added income of the So 

ciety, which came largely from an increase in Gur 
advertising and sales It was indicated that over 51 

firms contributed to the Research Fund during the cur won 
rent year. The chairman of the Finance Committee em nterest g t 
phasized the necessity of immediate action when men 





bers become delinquent in dues m9 
» ai 
BUDGET COMPARISON -t 
AMERICAN Society oF HEATING AND VENTILATING ENGINEERS ' ' ( 
New York, N. Y 
For the Calendar Year Ended December 31, 1937 
| se 
Budget I ea r. ‘ 
. 
Actual Prov D us g 
C S es—| . 
Membership dues $ 23,167.4 $23,000.00 $ 167.40 S S 
I al t 14,131.4 l 0.00 631.4 Coop< é I 
I t Sa f ‘ ( . ‘ i 
ates . 8.07 100.00 46.9 ( pers ve . \i 
Profit—Reprints and books 309.71 300.00 9.71 I rator : if 
Sales TRANSACTIONS 704.32 800.00 95.68 Office s nd « t . 
st—Sar s | ‘ 
es . 973.07 1,000.00 2 Ex 
Gu! Advertising 4,418.78 31,000.00 418.78 ‘ : i 
Copy sale 1.S77.37 0.000.01 S S oO ‘ 
| t i,4 
$105,635.15 $99,700.00 $ 5,935.1 Meetings 
Expenses ( g 
neral Society Activities N. D. H. A 
Meetings % 1,857.37 $ 1,600.00 $ > 
‘ hay te allowance for meetings 1,000.00 1,000.00 
Promotional 3,000.00 000 ’ we ’ 1. 
Speakers Bure 849.98 1,000.00 7? NAPPROPRIATI BALANC! BS S ‘ 
Subscriptions HP. § Fk 058.79 5,000.00 8.79 
Postage 2,393.45 2,500.00 106 ’ . 7s 7s, 
Rent 2 589.9% 3,000.00 410.04 N i The e B 
PRANSACTIONS 3,500.00 8,500.00 the Committee on Resear ng the endar y« “ 
Codes (Net of sales) 139.76 500.00 60.24 preparing t l udget the Ke : 
Salaries (Includes additional com balance taken er from the 1956 Kesear ‘ 
pensation) .. ne : ‘ 17,670.15 19,000.00 1,329.8: to the exclusior ye tie : t e} t with t Bank f s 
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President Boyden announced the first technical paper 
and introduced A. R. Mumford, New York, who pre- 
sented the paper, Application and Economy of Steam 
Jet Refrigeration to Air Conditioning, by A. R. Mum- 
ford and A. A. Markson. (Complete paper published in 
March, 1938, A.S.H.V.E. JourNAL Section, Heating, 
Piping and Air Conditioning.) A written discussion was 
presented by E. H. Taze, New York, and M. A. Nelson 
added additional remarks, which were answered by the 
co-author, Mr. Markson. 

The next technical paper, Cooling Tower Equipment 
and Its Relation to Water Conservation, was presented 
by the author, S. I. Rottmayer, Chicago, Ill. (Complete 
paper to be published in A.S.H.V.E. JourNAL SEcrIon, 
Heating, Piping and Air Conditioning.) Written com- 
ments on this paper were presented by J. R. Hertzler, 
York, Pa., J. deB. Shepard, Baltimore, Md., and C, F. 
Kayan, New York. Oral comments were contributed by 
Mr. Mumford, Mr. Brown and Prof. W. H. Severns, 
Urbana, Ill, all of which were responded to by the 
author. 

The Report of the Tellers was then presented by John 
James, New York, as follows: 


Reports of Boards of Tellers 


Ballot for Officers 


For 

President—E, H. Gurney.... oe 700 

First Vice-President—J. F. Mclntire...... 702 

Second Vice-President—F. E. Giesecke..... , 702 

Treasurer—A. J. Offmer............. rhe 702 

Members of the Counctil—Three-Year Term 

N. D. Adams.. Se ee 702 

| a ae | , 702 

J. H. Walker oe 702 

G. L. Wiggs..... pei 701 
Total Ballots Counted 734 
32 


Ballots Invalid .......... ; : sea 
Scattering votes were recorded for F. J. 
Hibbs, and A. W. Luck. 


Linsenmeyer, F. C 


Ballot for Committee on Research 


Three-Year Term 


M. K. Fahnestock. ata Ra . 702 
W. L. Fleisher........ 700 
R. J. Tenkonohy.... 702 
Be Bev: WH k soc 701 
ee Ree ‘ . ; : 702 
Total: Ballots Counted. : * aoe 

fallots Invalid ......... : 32 


Scattering votes were recorded for Tom Brown and C. A. 
Thinn, 
Boarp OF TELLERS 
R. V. Sawn, Chairmai 
J. R. Murpny 
R. G. OLson 


Ballot for Amendment to Constitution and By-Laws 


Article B-X, Section 1, and Article B-XI, Section 1 


Number of Ballots For...... . 666 
Number of Ballots Against. 22 
Total Number of Ballots... sees 688 
Siiewar Ballots ........008. ee sig ae 


Boarp OF TELLERS 

M. C. Barnum, Chairman 
E. C. BLacksurn, Jr. 

G. A. Dornueim 
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Ballot for Code of Minimum Requirements for Comfort 
Conditioning 


Number of Ballots For... 

Number of Ballots Against... 

Total Number of Ballots........ 571 
Illegal Ballots ........ cere eee ; ' 
Boarp oF TELLERS 

C. L. CuHase, Chairma 
C. S. PAss1 

C. D. SxHrevps 


The session adjourned at 12:30 p. m. 


SECOND SESSION— 
Tuesday, January 25, 1938, 2:00 P. M. 


A joint meeting with the National Harm Air Hea 
and Air Conditioning Association was held in th 
room of the Hotel Biltmore, with Pres. D. S. Boy 
and Pres. W. L. Rybolt, Ashland, Ohio, of NII 
A.C.A. presiding jointly as chairmen. In opening 
session, President Boyden extended a word of welc 
to the allied association, who were kind enough t 
range their annual meeting so that they could meet v 
the Society at the same time and place in order to ta 
advantage of the technical papers, which were of spe 
interest to both groups. 

In responding to this -word of welcome, President 
Rybolt indicated the pleasure of the association in being 
present at the joint meeting. He referred to the cele! 
tion of the association’s 20th anniversary of resea 
work and introduced F. G. Sedgwick, an active mem) 
Throug! 


Hin 


of the research activities of the association 
cooperative agreement with the University of 
Mr. Sedgwick indicated that the association had tur 
the light of research investigation on the major p1 
lems of the industry for the last 20 consecutive year 
Reference was made to the close cooperation of 
A.S.H.V.E. in connection with this program, wher 
proximately a quarter of a million dollars had beer 
vested at the University of Illinois in research activiti: 
Although the association was responsible for the e1 
tion of the Research Residence at a cost of $20,00) 
Mr. Sedgwick indicated how the A.S.H.\V.E. had help 
to immortalize this project by cooperative research acti\ 
ity. Prof. A. P. Kratz, Urbana, was then introduced | 
Mr. Sedgwick and gave a talk on Fundamentals Dev: 
oped from 20 Years of Research, which he present: 
with the assistance of numerous slides. 

Upon the completion of Professor Kratz’ remarks 
President Boyden introduced the managing directo1 
the N.W.A.H.A.C.A., A. W. Williams, Columbus, ©! 
The president-elect, E. Holt Gurney, Toronto, Ont., « 
the A.S.H.V.E was introduced to the meeting and w 
asked to preside for the remainder of the technical ses 
sion. Questions were directed to Professor Kratz 
Prof. J]. E. Nicholas, State College, Pa., B. F. McLout! 
Lansing, Mich., G. S. Williams, New Haven, Conn., k 
L. Davison, New York and E. H. Lloyd, Washingto 
D.C. 

A paper entitled Air Distribution from Side Wall Out 
lets, by D. W. Nelson and D. J. Stewart, was given | 
Professor Nelson, Madison, Wis. (Complete paper 
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Heat 


absence 


he published in A.S.H.V.E. JourNAL Section, 
Piping and Aw ( onditioning. ) the 
of written discussions, oral comments were presented by 
Prof. B. M. Woods, Berkeley, Calif., Prof. G. L. Tuve, 
Cleveland, Ohio, Prof. F. B. Rowley, 
Minn., and Professor Nicholas, all of which 
swered by the co-author, Mr. Stewart, Rockford, III 
H. Merwin Porter, Minneapolis, Minn., president of 
the Heating, Piping and 
mal Association, was introduced to the meeting and 


In 


Minneapolis, 


were an 


Aw Conditioning Contractors 


nded greetings from that organization. 
The last technical paper, Condensation Within Walls, 
y F. B. Rowley, A. B. Algren and C. E 
presented by Protessor Rowley. (Complete paper pub 
lished in January, 1938, A.S.H.V.E. JouRNAL Section, 
eating, Air Conditioning.) Written dis 
Harding, Buffalo, and H. ¢ 
Mr. Williams 
were presented by E. ( 
Prot. | a 


Queer, State 
were contributed 


Lund, was 


2) 


Piping and 
ussions submitted by L. A 
N. } 


discussions 


\ 


Corning, were read by 


1) 
Hates, 


Other written 


| lovd, 


Lt llege, Pa 


Lancaster, Pa., and RR 
Oral comments 
Foley, Toronto, L 
Maley, Youngstown, Ohio, H. | 
and J. H. Bracken, Chicago, 


Protessot ley. 


Mr 


loronto, 


by 


Davison, J. ] K. Hughes, 


Mr. McLouth, |. | 


Stevens, Hutchinson, Kan.. 


] 


Ill.. and were answered by Row 


The session adjourned at 5:15 p. m 
THIRD SESSION— 


Wednesday, January 26, 1938, 10:00 A. M. 


President Boyden opened the session and first called 


~'s 


“+ 
ort 


York 


for the Rey of the Treasurer, presented by 


{ finer, New 


Report of the Treasurer 


When one sees the many activities being carried on at these 
meetings, when one receives THE GuIve and other publications 
when one notes the excellent and important work being carried 

our Research ( mmmuittee, one realizes that it not only 
takes much work but also much money. We would therefore 
to appeal to the members to pay their dues prompt t 
so that the necessary money is available, but also in orde 
it we do not have the unnecessary expense of billing 
hers 
We also have another problem and that is the collection of 





lues which are past due. While we appreciate and understand 
the reason in many cases, and while we try to be as lenient and 
considerate as we possibly can, we are forced by the require 


We 


to appeal to 


are 
the 


ments of our Constitution to drop such members very 


reluctant to do so and we would also like help 


4 the members in such cases. 
the 


and ab 


W. A. 
Committee on 
stracted the Report of the Committee on Research for 
the year 1937. (Complete report published in the Jan 
A.S.H.V.E. JourNnat Section, Heating, 
Piping and Air Conditioning.) 

The first paper of the technical 
Bacterial Control in Air Conditioning, by T. S. Carswell, 
H. K. Nason and J. D. Fleming, was given by Mr 
Nason, St. Louis, Mo. (Complete paper to be published 
in A.S.H.V.E. Journat Section, Heating, Piping and 

r Conditioni lg.) Written discussions were presented 
by V. T. Kartorie, York, Pa., H. C. Murphy, Louisville, 
Ky., and H. L. Baker. Jr., New York. Additional discus 


Danielson, Fort Knox, Ky., chairman of 


Research, was then introduced 


uary, 1938. 


session, Studies on 
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Sloll Was Col tributed by \ \ \dler N ¢ 
Bichowsky, Ann Arbor, Mich., at \elx 
cago, which were responded to by M1 

The paper, Physiologic Response of Mat 
mental Temperature, by F. K. Hick, R. W. Keet 
Nathaniel Glickman, was presented Dr. H 
plete paper published in March 1938 A.S a 3 
NAL SECTI Heatu Piping and r | / 

\s chairman of the Technical Advisory er 
Relation of Body Changes to Air Chang 
Hill, Chicago, stressed importance tl ‘ ‘ 
work of the Societ wh has been init ‘ it 

versity ot Illinois Medical och Ie ( I 
paper as being the initial report of a serie 

Which will be published in the future covering \ 
Written discussions were thet if Mi 
\eberly, | |. Rodee, New Have ( ( 
Winslow, New Haven. Conn.. Dr. ( \I ( 

nati, W. L. Fleisher, New Yor! , ' 
Boston \dditional comments ( 
\dams Rocheste \linn and i ( 

were answer 1) lick in « ng 

lelegrams « 1 ssing r ‘ ( 
attene he Annu Ve g er Ly { 
Willard, Urbana, I i ( 

Pa., past presidents of the Soci 

[he last paper of the session, ¢ 
loss Through Radiant Means, by ‘ \. M 
delia Ogle, was presented by Dr. Mills ( 
published in November, 1937, A.S.H.V.1 RNAL S 
rion, Heating, Piping and Air ¢ d ni) 

Written discussions were pr ( i \ 
New York, and |. R. Parsons, New \ 
comments were contributed by Prof \\ 
FF leishe \ns I Hayes Mid Shi 
ind Dr. Adlets 

| { SCSSIOT id 1 { I 12 +5 
FOURTH SESSION— 

Wednesday, January 26, 1938, 2:15 P. M. 

On Wednesday afternoon President B ( 
Joint Session with the American S ratiy 
Engmeers, held in the Hotel Biltmore, t 
troduced the presiding ¢ rman, W. H. ¢ S 
cuse, N. Y., past president of both societies sefore 
presenting the first technical papet the sessi Vi 
Carrier introduced the president of the 4. H. N 
Williams, Dayton, Ohio 

The paper, Control of Air Conditioni ¢ Vie 
dium and Small Buildings, by W. E. Ziebe ’ S 
Nicholl, was given by Mr. Nicholl, who abst 
paper, supplemented by lantern slides. D S101 
contributed by A. B. Newton, Minneapolis, Minn., A. B 
Snavely, Hershey, Pa., and the closit emat ere 
added by the co-author, Mr. Ziebet 

The next technical paper, Physiological React 
Sensations of Pleasantness Under Varying Atmosplhx 
Conditions, by C.-E. A. Winslow, L. P. Herrington a 
\. P. Gagge, was ably given by Professor Winslow 


Complete paper 


JouRNAL Section, Heating, Piping and Air ¢ 
ing.) One written discussion presented by 
Yaglou was read, and additional remarks were 


; 


niu 


; 


published in January, 1938, A.S.H.\ 


} 








Heating - Piping 


Conditioning 


Journal %Y Section 


T. W. Carraway, Dallas, Tex., Mr. Aeberly and Mr. 
Fleisher. 

The last paper of the joint session, Performance Tests 
of Asbestos Insulating Air Duct, by R. H. Heilman and 
R. A. MacArthur, was given by Mr. Heilman. (Com- 
plete paper published in February, 1938, A.S.H.V.E. 
JouRNAL Section, Heating, Piping and Air Condition- 
ing.) R. R. Gannon, Cincinnati, Ohio, read a prepared 
discussion and others who contributed oral comments 
were Mr. Pierce, Mr. Carrier, Mr. Snavely, Mr. Lloyd 
and Professor Yaglou. 

The gavel of authority was then passed back to Presi- 
dent Boyden, who expressed the appreciation of the 
Society in being able to meet jointly with the A.S.R.E. 
He further stated that the excellent attendance indicated 
the mutual interest of the two societies and hoped that 
on future occasions similar meetings would be arranged. 

Following the few brief announcements, the meeting 
adjourned at 4:20 p. m. 


FIFTH SESSION— 


Thursday, January 27, 1938, 10:15 A. M. 


After calling the session to order, President Boyden 
introduced Walter Sturrock, who presented the paper 
entitled Effects of Artificial Lighting on Air Condition- 
ing. (Complete paper published in February, 1938, 
A.S.H.V.E, Journat Section, Heating, Piping and Air 
Conditioning.) Several written discussions were pre- 
pared for this paper and were presented by the con- 
tributors, W. F. Friend, New York, A. D. Cameron, 
New York, H. M. Sharp, Buffalo, W. R. Heath, Buf- 
falo, C. M. Ashley, Syracuse, N. Y., and D. W. Mc- 
Lenegan, Bloomfield, N. J. Additional remarks were 
given by C. S. Woodside, Bloomfield, N. J., G. W. 
Martin, New York, and G. E. May, New Orleans, La. 

The second paper of this technical session, Compara- 
tive Analysis of Office Building Air Conditioning Sys- 
tems, by J. R. Hertzler, was given by the author. (Com- 
plete paper to be published in A.S.H.V.E. JourNAL Sec- 
TION, Heating, Piping and Air Conditioning.) 

The final paper of the session, Ventilating the Lincoln 
Vehicular Tunnel, was presented by C. W. Murdock. 
(Complete paper published in January, 1938, A.S.H.V.E. 
JouRNAL Section, Heating, Piping and Atr Condition- 
ing.) Past president of the Society A. C. Willard, for- 
mer consultant on ventilation of the New York and New 
Jersey Bridge and Tunnel Commission, submitted a writ- 
ten discussion which was read by Mr. James. Prof. 
James Holt, Cambridge, Mass., questioned the author 
in regard to the design of the system, which was an- 
swered by Mr. Murdock. 

After announcements pertaining to the inspection trips 
for the afternoon, the session adjourned at 12:15 p. m. 


SIXTH SESSION— 


Friday, January 28, 1938, 10:00 A. M. 


The final technical session of the 44th Annual Meeting 
was called to order by President Boyden. 

L. J. Fowler, London, England, was introduced to 
the meeting and conveyed the special and best wishes 
of the president and council of the /nstitution of Heating 
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and Ventilating Engineers of Great Britain to the 
ciety. He congratulated the organization on the 
cessful year it had just completed and wished every 
cess for the Annual Meeting. Mr. Fowler also 
veyed tothe president-elect, E. Holt Gurney, the sin 
congratulations of the English Institution and expri 
confidence that his year of office would be memo: 
both to him and to the Society. In closing, the spe 
indicated how happy he was to come back and s 
many friends that he made eight years ago whe 
was the joint author with A. H. Barker of an inte: 
ing paper on Radiant Heating, which was presented 
fore the Society at that time. 

The Report of the Committee on Code for Tes: 
Stoker-Fired Steam-Heating Boilers was given by 
chairman, C. E. Bronson, Kewanee, III. 


Report of Committee on Code for Testing Stoker- 
Fired Steam-Heating Boilers 


The Committee was assigned the duty of preparing a new | 
for the Testing of Stoker-Fired Steam-Heating Boilers ar 
reviewing the present test codes to determine if revisions 
essential. 

In the Code for Testing Stoker-Fired Steam-Heating B 
presented for your consideration, the general scheme of arran; 
ment is similar to the Code for Testing Oil-lired Boilers. 
provisions admit the burning of any type of solid fuel su 
anthracite or bituminous coal. The type of stoker or boil 
not limited. 

Particular attention is directed to the purpose of the Cod 
expressed in the first sentence of the introduction. The ( 
is intended to provide a standard method for conducting and 1 
porting tests and to determine heat efficiency and performai 
characteristics. It does not fix the conditions that must be 
filled for the acceptance or approval of the combination of boiler 
and stoker. In other words, this Code does not seek to spe 
the coal burning rate of a stoker required for the proper p 
formance of a given boiler, but merely to report the results . 
tained with any combination. 

Results of tests may be reported in the standard or long 
or in the short-test form, except that for intermittent tests 
the short-test form is required. 

The Committee gave due consideration to reporting heat | 
ance for intermittent tests, but on account of the difficulty 
obtaining accurate average values throughout the test peri 
did not consider its inclusion advisable. 

Furnace volume and hearth or grate area are defined for thé 
purpose of this Code. No attempt has been made to defi 
either effective furnace volume or active grate area. It is 1 
ized that combustion may be more intense in some particular 
zone, yet the proposed definitions outline practical values w! 
can be used as a basis for comparison. 

In reviewing the present test codes, it was the consensus o! 
opinion that revisions are desirable. Both the general test « 
designated as Codes 1 and 2, also the Code for Testing Oil 
Fired Steam-Heating Boilers, should be changed to eliminat 
reference to evaporation in pounds of water per pound of fu 
The lack 


of time did not permit a more detailed or specific report on t 


using instead the more widely used heat unit basis. 


changes required, and furthermore the committee feels that this 
duty should perhaps devolve upon a new committee whose p 
sonnel would recognize those primarily interested in oil burnit 

Test Codes have an important bearing on the heating 
ventilating industry and annual revision may be necessary 
maintain them in up-to-date manner. It is hoped that a Star 
ing Committee will be assigned for this duty. 

It was regularly moved and seconded that the Ci 
be presented to the Society membership for letter ballot 

sefore presenting the first technical paper of the s: 
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_ President Boyden introduced W. G. Case, London, 


England. 
he paper, Draft Temperatures and Velocities in R¢ 
lation to Skin Temperature and Feeling of Warmth, by 


al 


F, ¢ 


\ 


m ! 


W 


j 


Houghten, Carl Gutberlet and Edward Witkowski, 


given by Mr. Houghten 
February, 1938, A.S.H.V.E. Journal 


Piping and Air Conditioning.) 


DE‘ 


(Juestions 


TION, J7@a 


(Complete paper published 


Tuve, Mr. 
Buffalo, 


lire ted to the author by Professor Parsons. 


{ 


whi h 


Bem 
eman, 


Mr. Aeberly and M. ¢ wert 
ans vered by Mr. Houghten 
Installation of Officers 
The technical session was then interrupted for a short 
omecet 


period for the installation of the newly elected 
‘ \ddams 
who were installed, included 
Pres. J. F 
(nesecke. ( ] 


New Yor! 


which was conducted by Past President Homer 
Che newly elected ofhicers, 
Pres. E. Holt Gurney, Toronto, Ist Vice 
McIntire, Detroit, 2nd Vice-Pres. F. EF 
and Treas. A. |. Offner, 
members of the Council, N. D. Adan 
Rochester, Minn., |. H. Walker, Detroit, Prof. A 
Kratz, Urbana, Ill., and G. L. Wiggs, Montreal, wer: 
escorted to the rostrum and introduced to the 


lege Station, Tex., 


e four new 


meet 
President Gurney announced the next technical pape 
Study of Methods of Control and Types of Registers as 
\ffecting Temperature Variations in the Research Resi 
dence, by A. P. Kratz and S. Konzo, 
by Mr. Konzo. (Complete paper published in Decen 
ber, 1937, A.S.H.V.E. Journat Pit 


gq and Air Conditionina. ) was 


} -} . 
which was 


oven 
i i 


Section, Heating 


\dditional 


although the paper refers 


comment 


made by Professor Kratz that, 


specifically to two-speed fan operation, the important 


points involved the use 
could be accomplished either by change in fan speed o1 
} 


of varying volumes of ait 


y a system of damper arrangements 

he final technical paper of the Annual Meeting was 
presented by A. B. Newton, entitled Summer Cooling 
Requirements of 275 Workers in an Air Conditioned 
Office, by A. B. Newton, F. C 
and R. W. Qualley 
1937, A.S.H.V.E 


Piping and Air Conditionina. ) 


Houghten, Carl Gutberlet 
(Complete paper published in Ds 


cember, Jon RNAL SECTION, Hestin 

Upon completion of the presentation of the paper by 
Mr. Newton, President Gurney turned the meeting ov 
to Vice-President McIntire, who presided for the bal 
ance of the session. 

\dditional comments pertaining to the paper were pri 
sented by Mr. Houghten and discussion was contribute: 
by Mr. Parsons. 


; 


lhe Resolutions Committee’s report was presented by 


J. H. Van Alsburg, Chicago. 
Resolutions 


On motion of J. H. Van Alsburg, 
Urdahl, it was voted that this expression of thanks and 


seconded by | | 


appreciation be adopted by the members attending tl] 
44th Annual Meeting: 


We have had a very wonderful 
partially proven by the registration 


\ 


to thank for the fine work they have done in making thi 
meeting such a wonderful success. 
Ve wish to definitely record our appreciation the ef 
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Some of the exhibits at the Fifth International Heating and Ventilating Exposition 


sumption, more even distribution of heat, continuous hot water Instruments and controls were displayed in number at 
supply the year ‘round, automatic operation, summer and win- of them stressed the advantages of health, comfort, and 
ter air conditioning, quietness, safety, and easy servicing. mind achievable by means of automatic control over t 
An innovation of note was the cooperative exhibit of solid ture and humidity conditions. 
fuel burners featuring the equipment of 32 different companies, The mechanical operation of valves, electricall 
almost half of whom had separate displays of their own. Ef- pumps, pipes, fittings and tubing, grilles, louvres, re; 
fective, economical combustion of anthracite was thus given and filters, were displayed for inspection 
cooperative emphasis in terms of equipment adapted to varying Insulating materials were featured and one exhibit 
types and sizes of installation. an actual size model of a roof, attic floor and outside 
Unit heaters and coolers, compact in design, easily installed, cross-section to show the insulation 
and in some instances portable, were featured in several exhibits. In the auxiliary fields of air conditioning, a variety 
In the field of summer air conditioning, displays ranged all equipment was shown including splash-proof motors, 


the way from unitary coolers to central station cooling systems. sors, sheet metal tools, electric metal shears, corner-l 
Complete equipment was shown for cooling, dehumidifying, air ing machines, decorative metal parts for ranges and reft 
circulating, air cleaning, humidifying, and heating. ators, boiler cleaners, v-belts electrical tools, g 
Portable coolers for offices, shops, and individual rooms at transformers, and a wide assortment of metals 
tracted wide interest. Several booths featured pumps, refriger- The Exposition was under the direction of Charles 
ating equipment, Water coolers and spray nozzles, fans, blowers, president, International Exposition Co., whose headquart 
and exhausters. at Grand Central Palace, New York 
T | + = 
" 
New York Entertains 
ISITING members, guests and ladies who attended the tertainers The Entertainment Committee and G 
Society’s 44th Annual Meeting can speak from experience chairman, made their first formal appearance on this 
and verify New York’s reputation as a Wonder City, for Of the total registration, 97 ladies kept H. W. Fiedler a: 
during their short stay the Committee on Arrangements of New other members of the Ladies Committee busy organizing a 
York Chapter had planned a program crowded with entertaining ping tour and style show scheduled at 10:30 a m.. 7 


* , , , 
things to do. when 54 went to John Wanamaker’s. 
On Monday at 9:30 a. m. registration began in the Fountain 


Court of the Hotel Biltmore where W. W. Timmis, chairman, 


During the afternoon a suite of rooms on the first 


the Biltmore hummed with the excitement of 10 tables of bi 


and members of the Reception Committee extended cordial greet- Tea was served and the holder of the highest , 
< aS 5 < oO “ FHes SCOort i 


ings. 
Delegates from 25 Chapters met at a conference in the Cafe 


table received a clip pin sparkling with rl 


inestones 

; A view of the gay White Way was enjoyed Tuesda 
Moderne at 10:00 a. m., exchanged suggestions and plans, and fe ie N ee . 
> . Dp when the International Casino, one of New York’s newest 
discussed mutual problems. Pres. D. S. Boyden welcomed the : 

clubs, was the scene of a combined party for members 


National Warm Air Heating and Air Conditioning Ass 
the A.S.H.V.E. and American Society of Refrigerati 


delegates and introduced the following speakers: President 
Elect E. Holt Gurney, R. C. Bolsinger, Thornton Lewis, and 
Prof. G. L. Larson. 


At 2:00 p. m. the Officers and Council members, with the neers. The popularity of this event exceeded all expect 
members of the Exposition Advisory Committee opened the 5th and 1,200 reservations were recorded. H. T. Richardsor 
International Heating and Ventilating Exposition at Grand Cen- master of ceremonies and with G. E. Olsen and D. I 
tral Palace. handled all arrangements for this event. 

The Bowman Room in The Biltmore was the scene of a Get- After a late evening, or an early morning, 106 ladies le! 
Acquainted Dinner at 6:30 p. m. Monday evening and 210 were hotel at 10:30 a. m. for a tour of Radio City and the N 
present to be received by Pres. and Mrs. D. S. Boyden and to Studios, where the wonders of this vast project includir 
enjoy the music of Horace Heidt and his talented band and en- broadcast were viewed and explained. 
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the afternoon Father Malachy’s Miracle, starring Al Shea: 
- enjoyed by 72 ladies at a theater party 

Vednesday evening the past pre sidents of the Society initiate 
Prof. G. L. 
rhose attending were Homer Addams, J. I. Lyle, W. H. Carrier 
rhornton Lewis, J. D. Hoffman, J. F. Hale, W. H. Driscoll 
w. T. Jones, F. B. Rowley, D. D. Kimball and H P. Gant 


Larson at a dinner in The Biltmore at 6:30 p. n 


Jot to be outdone by their illustrious husbands, Mrs. Homer 
ams, Mrs. W. H. Carrier, Mrs. Thornton Lewis, Mrs. J. | 
Lyle and Mrs. W. T. Jones had dinner together at the Advert 
Club, where Mrs. D. S. Boyden was the hostess 
1 


\t 8:00 p. m. a lecture on 


+. the Electrical Association Auditorium at Grand Central Palace 


Adventures in Science was givet 


Dr Phillips Thomas. research engineer for Westinghousé 


tric and Manufacturing C: The filtering of air elect 
statically, dry insulation, atom smashing, photo motor, breat! 
relay and other educational and entertaining features vere 


ynstrated 


On Thursday, January 27 luncheon meeting of the Advisory 
xposition Committee was held at the Chemists Club with ( | 
as host 
\ busy day tor the ladies bega at 10:30 a 1 Thursda 
a party numbering 127 were taken on a special inspect 
r of the Italian Liner S.S. Rex This trip which was planned 
the ladies also proved attractive to a number of the mer 
From the pier the ladies were taken to Radio City Music Hall 
re they were guests « f the New Vi rk ( haptetr it a the ite? 
rty. One hundred and fourteen were entertained by Snow White 
the Seven Dwarfs, the first feature length Walt Disney pr« 


luction in techni-color 
[he Inspection and Transportation Committee, of which A. ] 
hairman, had planned two trips for Thursday after 
01 [The principal features of the construction and ventilating 
ystem of the Lincoln Vehicular Tunnel, connecting New Yor! 
i} ained to 139 by A. C 
tendent of Maintenance, Port of N. Y. Authority 


1 air conditioning system of the Beechnut Packing Con 


New Jersey, were ex] Davis, Superi 


7 


pany Plant in Brooklyn, N. Y., was inspected by 46 and guid 


ducted the group through the factory 
The annual banquet on Thursday evening was held in th 
allroom of The Biltmore Activities began at 7:30 Pp. m whet 


the following, who were to be seated at the head table, started 
the procession: Mr. and Mrs. D. S. Boyden, Mr. and Mrs. | 
Holt Gurney, A. J. Offner, John B. Kennedy, Jack Knight, W 
H.’ Driscoll, Mr. and Mrs. Walter Heibel, Prof. J. D. Hoffman 
nd A. V. Hutchinson 

W. H. Driscoll rendered capable service as toastmaster and 
kept the program in fast tempo. Prof. J. D. Hoffman, W 
Lafayette, Ind., presented the past president’s emblem to Col 
D. S. Boyden, Boston, which he gratefully acknowledged. In 
presenting the emblem Professor Hoffman said: 


This year’s Annual Meeting impresses me with the Society's 
splendid growth in activities and in membership. I recall that 
in 1910, 28 years ago, when I had the privilege of being’ presi 

our membership was 372, which at that time was the 
largest of any previous year. Today it is nearly 3000. 

The activities of the Society now parallel closely those in 
he commercial field. Increased activity in the industries stimu 
lates our members to more earnest effort. Conversely, our edu 
cational and research work benefits the industries. 

The growth of our membership roll tells the story of our 
growth in educational and research activity. Our meetings ar 
ow more largely attended, and the programs reflect more sciet 
thought and development than ever before. The research 
work, both in our Society’s Research Laboratory and in th 
many cooperative projects with the technical universities and 
other groups, is outstanding for its careful development and 
scientific advancement. i held 


1 
I 

lor 

dent 


tf 


+ 


Educational lectures in the fiel 
heating and air conditioning have been added for the local 
groups requesting them. And not to carry this list too fa: 
" can measure the ultimate value to the heating and air 
litioning field of Tue Guipe? This work is an outstanding 
pendium of information for the whole field of heating and 
conditioning. 


Heatinc, Piping anp Aim Conpitiontnc, Marcu, 1938 


the ot ‘ 
-* 
VV 
\ 
‘ ' 
eg ye 
‘ ic: 
© 
| | 
; 
- 
‘ ' 
\ ( | 
1 
; ¥ } ¢ 
, thre 
()y | 
‘ 
Cou 1 me 
hers StT™ t 
Heat i 
On Sy 
n the Ar 
thre ot cf 
T Match 
Davis eT 


fellow 
| ited St 
and Denn 


mer 
_ et 
Wil I ely 
‘ 
er 
od 
ina re 
4! 
‘ S 
| 
j ‘ 
Y { ‘7 
‘ 
\ ( 
: 2 
i I 
' ‘ 
’ ‘ 
‘ ‘ ‘ 
| rr 
\<¢ ’ 
s il i 
tiny 
' , 
{ ‘ | 


ASHVE 
rH 
| VW \WV 
Mr T 
W ( 
ida 
und | tl 
rle witl vy 


' 
\\ 
\\ 
1 
r 
‘ 
: 
( 
thy 
1 
















Correlating Thermal Research 


As a part of the efforts of the A. S. H. V. E. Research Laboratory to correlate research in thermal engin 
ing carried on by the many institutions engaged in such work, and to disseminate the published results of s) 
studies together with other reports of progress in the field, and in order to make this information available to : 
membership of the Society, there will be published monthly on this page a limited number of brief abstracts 


articles which it is believed will be of interest to all concerned. 
S. Bureau of Mines Experiment Station, Pittsburgh, Pa. 


A. S. H. V. E. Research Laboratory, U. 
Fk. C, Houghten, Director 


® Building Code Correlating Committee Shows Development of 
Building Projects, by Rudolph P. Miller. Industrial Standardi- 
sation, Vol. 8, No. 12, Dec. 1937, pp. 331-332. 
status of eight projects authorized under the supervision of the 
suilding Code Correlating Committee, as follows :—Recommen- 
dations for masonry, A51-Requirements for fire protection and 
fire resistance, A52-Requirements for chimneys and heating ap- 
pliances, A53-Requirements for light and ventilation, A54-Re- 
A55-Administra- 


Discussion of 


quirements for fire extinguishing equipment, 
tive requirements for building codes, A56-Requirements for ex- 
cavations and foundations, A57-Building code requirements for 
iron and steel. Advisory committee working on stresses. 

@ Thermal Conductivity of Glass, Chilled Glass Quartz, Fused 
Quartz (transparent), Coal, Isolite, Proselain etc., by Shiro 
Nukiyama. Transactions Society of Mechanical 
Japan. Vol, 2, No. 8, pp. 344-345, 1936. Abstracted in Physik., 
Ber., Vol. 18, No. 14, p. 1286, 1937. The measurement of heat 
conductivity by a relative comparison method is described. The 
same heat flows successively through the comparison plate with 
known heat conductivity and the plate to be determined in the 
range of 0 to 100 C. 


Enaineers, 


@ Special Glass in the Lighting Field, by R. Schmidt. Glastech., 
Ber., Vol. 15, No. 3, pp. 98-99, 1937. A report of the develop- 
ment and present status of special glasses transmitting and ab- 
sorbing ultra-violet light. Fluorescent glasses, metal vapor coated 
glasses and high softening temperature glasses are included. 
Tables of characteristic glass compositions are given. Also a 
bibliography. 

@ Spun Glass for Insulation of Railway Equipment, by Nord- 
mann. Chem. Fabrik, Vol. 10, pp. 299-300, 1937. 
Abstracts, Vol. 31, p. 6762, 1937. The method of applying the 
insulation to locomotives and steam lines is described. Com- 


See also Chem. 


parative tests on passenger locomotives, insulated by the usual 
air space and insulated with 50 milli-meters of mineral wool, at 
60 to 80 kilo-meters/hour showed air insulation reduced loss 
50 per cent and mineral wool saved 40 to 43 per cent more than 
the air. Sufficient data not yet available. 

® Italy; Land of Prototypes for Glass Application, by G. Schieb. 
Oesterr. Glaserstg., Vol. 2, pp. 101-104, 1937. Architectural 
applications, including all-glass doors, are illustrated. 

®@ Hospital Air Conditioning, by C. P. Yaglou. The Journal of 
Industrial Hygiene and Toxicology. Vol. 18, No. 10, Dec. 1936, 
pp. 741-766, 8 figs. Bibliography. Air conditioning is now 
applied to four or five wards in modern hospital where it has 
been shown to be of sufficient value to justify its use. Discus- 
sion of air conditioning in nurseries for premature infants, 
anesthesia and operating rooms, oxygen therapy chambers, heat 
therapy chambers or cabinets, and allergic wards. 

@ Water Hammer Symposium. Mechanical Engineering, Vol. 59, 
No. 11, Nov. 1937, p. 871. Program of A.S.M.E. Annual Meet- 
ing for Dec. 1937, for list of papers presented. See also Power, 
Mid-Dec. 1937, Vol. 81, No. 14, pp. 812-3 for discussion of meet- 
ing. 16 papers and reports by an international group of special- 
ists discuss water-hammer problems of water power, pumps, 
water-conduits and similar problems of liquid flow in diesel fuel- 
injection systems. 

® Measurement of Radiant Energy, edited by W. E. Forsythe, 


many contributors. Published by the McGraw-Hill Book Com- 


For more complete lists address the Librar 


W. L. Fleisher, Chair; 
COMMITTEE ON RESEAR 


pany, Inc., New York and London, 1937, 452 pages. Pre; 
under direction of Committee on Methods of Measurement 
Radiation of the Division of Physical Sciences, National 
Main discussion on radiation of and met 
Short 


search Council. 
of measuring radiation from incandescent lamps. 
cussion on solar radiation. 


@ Symposium on Waste Heat Boilers. The Institute of 

Vol. XI, No. 56, Dec. 1937, pp. 81-101. Many illustrat 
Waste Heat Boilers in the Steel Industry, by A. F. Wel 
Waste Heat Boilers, by Major W. Gregson. Waste Heat 
covery using Thimble-tube and Water-tube I 
Waste-heat Recovery in Gas-fired Practice, by Ja 


3oilers, by 
Spanner. 
W. Reber. 
® Air Currents and Drafts as Factors in Air Conditioning 

D. L. MacLean and Ruth C. Partridge. The Journal of Ind 
trial Hygiene and Toxicology, Vol. 19, No. 10, Dec. 1937, pp 
562-570. Report of study of air movements. Threshold 
movement or least air movement; uncomfortable air movement 
or draft. Also physiological effects of draft and changes of 1 
membrane when face is exposed to draft. 


® Bibliography of U. S. ’ 
and Its Products, 1910-1935, by A. C. Fieldner, Alden H. Emer: 
and M. W. von Bernewitz. U. S. Bureau of Mines Techr 
Paper No. 576, 145 pages. Price 5c from Supt. of Docun 
Government Printing Office, Washington, D. C. 


3ureau of Mines Investigations on | 


@ Thermal Insulating Material from Vermiculite, by N. Subar 
Novosti Tekniki (U.S.S.R.), No. 14, pp. 39-40, 1937. Abstr: 

in Referat. Silikatliteratur. Vol. 4, No. 8, 1937, p. 4327. \ 
} 


ry 


miculite expands 20 times its original volume on heating 
of the evaporation of its water content. Rich deposits of 
miculite in U.S.S.R. in the Ural Mts. It has mechanical strengt 


lower than cork products, but is more hygroscopic, heat « 
tivity (0.060) is higher than cork (0.045). 


@ Symposium of Ignition of Fuel on Grates. The Institui 
of Fuel, Vol. XI, No. 56, Dec. 1937, pp. 102-133, many illustra 
tions. The Ignition of Coal on a Grate, by P. O. Rosin and H 
R. Fehling. Contribution to the Study of the Ignition of I 
Beds, by A. C. Dunningham and E. S. Grumell. The Ignit 
of Coal, by Clarence A. Seyler and Thomas F. Jenkins. Mat! 


matical discussions. 


® Nomograph for Ventilation Problems, by A. S. Ford 
liery Engineering, Vol. 15, No. 167, Jan. 1938, pp. 4-5. Non 
graph designed for convenient solution of ventilation proble: 
commonly encountered in mining practice. 


@ An Investigation of the Bacterial Contamination of the 

of Textile Mills with Special Reference to the Influence of Art 
ficial _Humidification, by W. F. Wells and E. C. Riley 
Journal of Industrial Hygiene and Toxicology, Vol. 19, N: 
Dec. 1937, pp. 513-561. Bibliography. Study and measuremen! 
of bacterial contamination in textile mills. 


® Air Conditioning Problems in the Citrus Fruit Industry 
Herbert Bishop Addington. Heating and Ventilating, Vol 
No. 12, Dec. 1937, pp. 53-56. Description of air conditioning 
prepare citrus fruit for the West Coast market. Methods ' 
with data on time and heat quantities required. Diagram of p 
ing, cooling and coloring operations. 


Q 
138 


Heatinc. Prreinc anp Am Conprtionrnc, Marcn, ! 











NEWS OF LOCAL CHAPTERS 








OFFICERS OF LOCAL CHAPTERS—1938 


Headquarters, Atlanta, Ga 
E. W. Kern, 152 Nassau St 


Glenn St., S. W 


Organised, 1937. 
President, 


BAKER, 713 


A ray oie A: 
Veets, First Tuesday. 
N W. Secretary, C. T. 


CINCINNATI: Organized, 1932. 
O. Meets, Second Tuesday in Month, President, I. B. 
610 Chamber of Commerce Bldg. Secretary, H. E. 
005 American Bldg. 

GOLDEN GATE: Organized, 1937. Headquarters, San Frat 
isco, Calif. Meets, First Tuesday. President B. M Woops 
Univ. of Calif., Berkeley, Calif. Secretary, G. J. Cum™Mrnes, 113 
Tenth St., Oakland, Calif. 

II LINOIS ; ( Irganised 1906. Headquarters, Chicago, Ill 
Meets, Second Monday. President, S. L. Rotrrmayer, 407 S 
Dearborn St. Secretary, C. E. Price, 6 N. Mi higan Ave 


Headquarters, Cincinnati, 
HELBURN, 
SPROULL, 


IOWA - NEBRASKA: Organised, 1937. Headquarters 
Omaha, Neb. President, M. ]. STEVENSON, 1643 So uth : 20t1 _ St 
Lincoln, Neb. Secreta W. R. Ware, 4339 Larim Ave 


Omaha, Neb. 

KANSAS CITY: Organized, 1917 
City, Mo. Meets, Second Monday in Month. 
S.uss, 827 Mississippi Ave., Lawrence, Kan 
Norrrerc, 914 Campbell St 


Headquarters, Kansas 
President, A. H 
Secretary, Gt STAV 


MANITOBA Organized, 1935 Headquarters, Winnipeg 
Man. Meets, Fourth > jens Fveslient, D. F. MICHIE, 492 
Wardlaw Ave. Secretary, E. J. Arcue, Ste. 23, Estelle Apts 


MASSACHUSETTS: Organized, 1912. 
ton, Mass. Meets, Third Tuesday in Month. President, James 
Hott, Massachusetts Institute of Technology. Cambridge, Mass 
Secretary, H. C. Moore, 69 Massa husetts Ave., Cambridge, 
Mass. 

MICHIGAN: Organized, 1916. 
Veets, First Monday after the 10th of the Month 
F, J. Feery, 950 Trombley Rd., Grosse Pointe Pk 
G. H. Turtie, 2000 Socant Ave 


WESTERN MICHIGAN: Organized, 1931 Headquarters 
Grand Rapids, Mich. Meets, Second Monday in Month. President 
W. W. Braprirerp, 901 Michigan Trust Bldg. Secretar) 
S. W. Topp, Jr., 309 Paris, S. E. 


MINNESOTA: Organized, 1918. Headquarters, Minneapolis 
Minn. Meets, Second Monday in Month. President, R. E. Back 
STROM, Room 1981, First Natl Bank Bldg... St. Paul, Minn 
Secretary, F. C. Wrnrerer, 836 Juno St., St. Paul, Minn 


MONTREAI Organised, 1936 Headquarters, Montre al 
Que. Meets, Third Monday. President, G. L. Wices. University 
Tower. Secretary, C. W. Jonnson, 630 Dorchester St., W. 


NEW YORK: Organised. 1911. Headquarters, New York, 
N. Y. Meets, Third Monday in Month. President, W. E 
lerpex, 11 West 42nd St. Secretarv, T. W. Reywnotps, 100 
Pinecrest Dr., Hastings-on-Hudson, N. Y. 

WESTERN NEW YORK: Organized, 1919. Headquarters 
Buffalo. N. Y. Meets, Second Monday in Month. President 
B. C. CANpEE, 19 Tremont Ave., Kenmore, N. Y Secretary 
W. R. Hearn, 119 Wingate Ave. 


NORTHERN OHIO: Organized, 1916. Headquarters, Cleve 
land, O. Meets, Second Thursday in Month. President. Pump 
CoHEN, 401 East Ohio Gas Bldg. Secretary, C. A. MCKeeman, 
Case School of Applied Science. 


OKLAHOMA: Organized, 1935 Headauarters, Okla- 
homa City, Okla. Meets. Second Monday. President, E. F. 
Dawson, University of Oklahoma, Norman. Okla. Secretary 

W. Gray, Box 1498, Oklahoma Citv, Okla 


ONTARIO: Oraanized. 1922 Headquarters, Toronto, Ont 
Meets, First Monday in Month. President, G. A. PLAyram 
113 Simeoe St. Secretary, H. R. Rorn, 57 Bloor St. W. 


_PACIFIC NORTHWEST: Organised, 1928. Headquarters 
Seattle, Wash. Meets, Second Tuesday in Month. President 
W W. Cox, 326 Columbia St. Secretary, M. N. Muscrave. 
314-9th Ave. N. 


Headquarters, Bos- 


Headquarters, Detroit, Mich 
President 


Secretary 
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PHILADELPHIA: Organized, 1911 Headquarters, Phila 
delphia, Pa. Meets, Second Thursday Month President 
L. P. Hynes, 240 Cherry St. Secretary, C. B. Eastman, 530 


Brookview Lane, Brookline, Upper Darby, Pa 


PITTSBURG A Organized, 1919. Headquarters, Pittsbur 
I " if r Ny Mf a lay 2. \f 4} re ’ | ( 
S \ F. | KW Ca I 
| 

ST. LOUIS: Organized, 1918. Headquarters, St M 


Meets, First Tuesday in Month. President, G. W. F. Myers, 3947 
W. Pine Blvd. Secretary, D. J. Facin, 1344 Woodruff Ave 


SOUTHERN CALIFORNIA: Organized, 1930. Hea Iquarters 
Los Angeles, Calif. Meets, Second Tuesday Month. President 
I "HH KENDALL, 1978 S. Los Angeles St. Secretary, J. F. Parx 
1234 South Grand 

TEXAS: Organized, 193 Headquarte? College Station 
Texas. President, R. F. Tayrior, 909 Banke Mortgage Bldg., 
H t Tex ecreta W. H. | Engrg. Ex 

ment St ( ge Stat iv 
y \SH it) ] arte? 
W ngt te W lt i M t Pres 
lent, L. O ] St., N. W L. F. Nor 
} / la P] ‘ \\ 


WISCONSIN rganized, 1922 Headquarte Milwaukee 
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Heating: Ptping Conditioning 
Journal Section 


Dow. In discussing the subject, Some Observations of 
Heating and Ventilating Practice, Mr. Dow pointed out 
F. English people are accustomed to lower indoor temper 
during the heating period than is usual in the United Stat 
that this is caused by the fact that humidities are consi 
physically, and ger 


President Kendall was elected delegate to the Society’s An- 
nual Meeting in New York, January 24-28. 

The Chapter was honored by the presence of Prof. E. 
Dawson, University of Oklahoma, who spoke on the subject of 
Refrigeration, Refrigerants and Air Conditioning. Professor 
Dawson’s address was well received and gave an indication of 
future interesting programs which might be furnished by the 
Speakers’ Bureau. 

Following the address there was a discussion by members 





higher, the people are more active 
speaking the homes are believed to be of better construct 
also described some of the installations of radiant heating 
made at the present time. 

After the talk and discussion, Secy. G. H. Tuttle report 


and guests who made up the attendance of 95. 
a movie was shown before the meeting adjourned at 10 


Coal Subject of Montreal Chapter Meeting ; : 
eee eee John Howatt Visits lowa-Nebraska Chapter 

January 17, 1938. The regular meeting of Montreal Chapter 
was held at the Windsor Hotel with 50 members and guests 
attending. Pres. G. L. Wiggs called the assembly to order and 
introduced the guests who were present. 

F, A. Combe, consulting engineer, opened his talk with a his- 
tory of coal and its formation, explaining its effect on the pres- 
ent coal classification. After giving a description of the fuels 
available for combustion work, he showed their characteristics 
as applied to a domestic furnace, illustrating his talk with slides. 
Mr. Combe then discussed various types of modern boilers and 
their construction. He concluded with the recommendation that 


January 11, 1938. At a meeting held at the Rome 
Omaha, when 35 members and guests were present, Tow 
braska Chapter was honored by having John Howatt, C! 
Ill., present as guest and speaker. In the absence of Pres 
Stevenson, Vice-Pres. A. L. Walters presided 

Among monthly matters and routine business was a 
from Prof. R. A. Norman, Iowa State College, regard 
participation of the Iowa-Nebraska Chapter in the annual 
heating, ventilating and air conditioning conference. Mr 
ers stated that a meeting at the Iowa State College at t! 


all boilers be rated on a steam quantity basis rather than by was being considered and there was some discussion re 
boiler horsepower. the activities of different organizations and industries 
After the lecture an open discussion was held and a vote of F. L. D. Banner said that the Omaha Engineers Clu! 
thanks was given on behalf of the chapter by T. H. Worth- its cooperation to the A.S.H.V.E. Iowa-Nebraska Chapt 
Mr. Walters appointed Mr. Banner to investigate this n 


ington. 

Minutes of the previous meeting were read and a vote was 
taken on the amendment previously presented that all new chap- 
ter members be allowed a discount of $1.00 on chapter dues, if 
payment is made within one month after billing, and this motion 


Mr. Walters then introduced the speaker of the evening 
Howatt, past president of the A.S.H.V.E. and chief e 
of the Board of Education, City of Chicago. 

Mr. Howatt presented a very interesting discussion 
subject, A Few Air Conditioning Engineering Problen 
The opinions that he gave on this broad toy 

facts | 


was carried. 

L. H. Laffoley made an announcement regarding the Annual Answers. 
Meeting of the Society in New York and requested that every both interesting and educational. Some of the 
member who could possibly do so should be present. tioned regarding advance in engineering research were surp: 
ing, especially his statement that the Golden Gate Brids 
George Was! 
His e1 


e 


; The meeting adjourned at 10:15 p.m. according to the report 
made of the same material used in the 


of Secy. C. W. Jolinson. 
Bridge, would not stand up under its own weight 
P P . ‘ ing philosophy and opinions regarding questions of nationa 
Philadelphia Chapter Enjoys Social Meeting were most interesting, and will be long remembered | 


January 13, 1938. The meeting of the Philadelphia Chapter of those who attended. It was considered a privilege to ha 


was held at Bookbinder’s Restaurant and the reading of the min- 
utes and the regular business procedure were dispensed with. 
During the dinner Pres. L. P. Hynes introduced A. V. Hutch- 
inson, secretary of the A.S.H.V.E., who was present by invita- 
tion and Mr. Hutchinson acknowledged his pleasure at being 
with Philadelphia members and asked R. C. Bolsinger to tell 
about the program and the Society’s 44th Annual Meeting in 
New York, January 24-28. ae ' 
Following the dinner Harry Erickson, chairman of the Meet- Cincinnati Chapter 
ings Committee, presented a program consisting of several acts Hears Talk on Air Conditioning 
by professional entertainers. 
Secy. C. B. Eastman reports that the meeting broke up at an 
early hour in a spirit which indicated that a good time was had 


speaker present. 
At the conclusion of Mr. Howatt’s talk, Mr. Walters expr 
the appreciation of the ITowa-Nebraska Chapter for his cor 
to Omaha, and for the splendid talk that he had made 
According to the report of Secy. W. R. White the 


adjourned at 10:15 p.m. 


+? 


January 11, 1938. Seventy-five members and guests a 
the regular meeting of the Cincinnati Chapter at the Engi: 
by all. Club. Dinner was served preceding the meeting at 6:30 

with 24 members present at the Gibson Hotel rathskellet 
English Heating and Ventilating Practice Vice Pres. O. W. Motz presided in the absence of Pres 
Di d by Michi Chapt Helburn. After the business of the evening was dispensed 
ee , a Mr. Motz introduced the speaker of the evening, Herman > 
Auditorium Conditioning Corp., who gave an interesting add 
on the subject of Air Conditioning. 

Although Mr. Seid had prepared a written paper, which 
distributed to the members, he talked extemporaneously wit! 
aid of diagrams on a blackboard 

He pointed out that what people want from air conditioni: 
comfort, and not temporary relief, so that in designing a 
tem, careful consideration should be given to ventilation 
frigeration, control of the equipment, and good distributio 
Mr. Seid explained several systems 


January 17, 1938. There were 125 members and guests pres- 
ent for dinner and a meeting of Michigan Chapter held in the 
general offices of the Detroit Edison Co., Detroit. Pres. F. J. 
Feely called the meeting to order and asked for reports of the 
secretary, treasurer and chairman of the Program and Member- 
ship Committees. F. E. Dubry outlined meetings for the re- 
mainder of the season and W. G. Boales introduced all new 
members who had affiliated with the A.S.H.V.E. during the 


past year. 
Mr. Dubry then introduced the speaker of the evening, Douglas the air without drafts. 


. 
f 
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Motz then introduced Charles Lawrence, also of the Audi 
, m Conditioning Corp. of New York, who gave a few words CCU } 
eeting Bias 


ording to Secy. H. E. Sproull’s report the meeting ad 


Speakers at Pittsburgh Meeting 


Discuss Draft and Heat Flow Studies B' 


) | ) 
wy 10. 1938. ] |. F. Collins, Ir. called the 1 | 
Pittsburgh Chapter to order at 7:45 1 t 
. ‘ J ‘ 
' Ste Rest ral 
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is the second speaker and his subject ce alt vith results i 
estigation made on heat flow through different types of steel stewart 
ows including single and double glazing nr Baizl wv 
: enfield | 
rty-five members and guests participated in the general 
; vi these two talks and the meeting ad pos 
ed at 9:50 { : rdvy ‘ the eport Ne | } . 
\ kwell : 
ee , 4.S.H.V.E. Member Returns to French Indo China 
Illinois Chapter Discusses Panel Heating 
P. E. C , Eng 2) M 
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an of the Membership Committee, introduced two new 
ers—T. J. Killian and R. C. White 

. . , . . a . 5 an > Peact > sti " 
N. Adiam. chief engineer. Sarco Co.. Inc. New York. was Johnson Service Co. President Retires 


1 
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speaker of the evening and addressed the Illinois Chapter o 


e subject of Panel Heating. Also appearing on this program 1: 
vas Irving Brooke, member of the Illinois Chapter and consult 


g engineer, who was accompanied by Denison B. Hull, archi sonal aod his mart 


ind owner of the nly home in the Chicago district with a — 
11 . ears \ ( : ‘ ; 
ane! heating. ‘ 
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er of slides which pictured the equipment used, th | A. Cutler. ( succeeds Mr. El I ent 


theds of installation, the calculation of surface requirements ral manager at Milwauke« Mr. Cutler became a sales et 
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many examples of panel heating in a wide variety of build rineer for the Johnson Company in 1912, advancing to the p 
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Brooke then int 


gave an account of his experiences with Mr 1922. He ntinued ecupy that position until his re 
s house and Mr. Hull testified to the satisfaction he was dvancement, although being giver litional ities a 
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a lhourned at 10.30 p. m. acc rding to the report of Sec Mr. Cutler's place is vice-president and district manager at ( 
{ Price. cag He. like Mr. Cutler, has been in the service of the 
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began his service as a sales engineer in 1916 and has been n 


ager of the Cleveland office for more than 15 years. He 
been replaced as manager at Cleveland by P. D. Gayman. 


pany for 25 years, having been manager of the Cleveland office 
before going to Denver. A. W. Cooper, from the Los Angeles 
office, replaces Mr. Ward as manager at Denver. 

The retirement of Kennedy Duff, after many years as eastern 
manager, has resulted in the appointment of M. F. Rather as 
manager of the Eastern District at New York. Mr. Rather 


has been manager at Indianapolis for several years. H 
Alexander, sales engineer from the Buffalo office, becomes 


ager at Indianapolis. 








CANDIDATES FOR MEMBERSHIP 








The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for m: 


bership in the Society. 


All applications for membership are to be sent to the Secretary and the names of applicants and their ref 


ences shall be printed in the next issue of the JouRNAL of the Society or sent to the members in other approved manner as order 


by the Council. 


the Committee on Admission and Advancement as soon as possible.. 


When replies are received from references, the Candidate’s application shall be submitted to and acted upor 


_ 
% 


When the Committee on Admission and Advancement has acted favorably upon a Candidate’s application and assigned 


grade, the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. 


During the past m« 


29 applications for membership have been received and the names of these men and their sponsors are published in the following | 


Members are requested to scrutinize the list with care. The 


Committee on Admission 


and 


Advancement, and in turn, 


Council, urge the members to assume their share of responsibility of receiving these candidates into membership by advising 1 


Secretary promptly of any whose eligibility for membership is in any way questioned. 


All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it 


duty of every member to promote. 


Unless objection is made by some member by March 15, 1938, these candidates will be balloted upon by the Council. T) 


elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 


Baker, W. C., Air Cond. Engr., Frigidaire Div., Nashville, 
Tenn. 

Catt, Josern, Air Cond. Engr., Elliott-Lewis Co., Philadelphia, 
Pa. (Advancement) 


Caron, Hector, Engr., Rochelle, Il. 


Davis, CuHartes, Chief Engr., Rathe Htg. Corp. New York, 
NY 

Gossett, A. L., Dealer, Sales Promotion, Southwest Airtemp 

Corp., Oklahoma City, Okla. 


Hacan, W. V., Secy. & Mer., V. J. Hagan Co., Sioux City, 
Iowa (Advancement) 

KLEINKAUF, Henry, Br. Mer., Natkin & Co., 
( Advancement) 


Kruse, W. G., Jr., Owner, Kruse Engrg. Co., Newark, N. J 


Omaha, Nebr. 


Lisxow, J. G., Chief Engr., Claude B. Schneible Co., Chicago, III. 


McIntire, J. L., Sales Engr., York Ice Machinery Corp., St. 
Louis, Mo. 

McLaren, T. H., Gen. Sales Mer., James Morrison Brass Mfg. 
Co., Ltd., Toronto, Ont., Can. 


Mitter, J. E., Sales Engr., Fairbanks Morse Co., St. Louis, Mo 


Mitcuett, J. A., Dist. Repr., Minneapolis-Honeywell Reg. Co., 
Austin, Minn. 

Morse, L. S., Jr., Sales Engr., Westerlin & Campbell Co., De- 
troit, Mich. (Advancement) 

Notan, R. E., Owner, Ralph Nolan, Atlanta, Ga. 


Norris, W. P., Sales Engr., Natkin & Co., St. Louis, Mo. 


Oosten, L. S., Draftsman, Bell & Gossett Co., Chicago, III. 


Parvis, R. S., Engr., Diamond Ice & Coal Co., Wilmington, Dela. 


REFERENCES 


Proposers 
Albert Buenger 
C. E. Lewis 
M. G. Kershaw 
R. E. Payne 


R. W. Menk (Non-Member) 


C. Schaefer (Non-Member) 
E. J. Ritchie 


\braham Abrams 

H. A. Hunter 
(4. &. 8 

Earl Glasgow 
(4.3. ¢. #3 

W. R. White 

A. L. Walters 

Sidney Pines 

M. A. Disney 

Roswell Farnham 

J. H. Hucker 

J. F. McIntire 

A. P. Darlington 

L. J. Du Bois 

R. R. Irwin 

S. W. Alexander 

Fred Ellis 

]. H. Van Alsburg 


C. H. Dean 

L. C. Gross 

M. L. Todd 

H. E. Paetz 

J. R. Hertzler 
W. J. McKinney 
H. G. Krayenhof 
Benjamin Natkin 
L. W. Moon 

FE. J. Gossett 

R. E. Moore 

G. P. Weatherlow 
B. F. Lownsbery 


Seconders 
W. A. Chapman, Jr. 
Rothwell Woodward 
R. J. Steel 
A. Chance (Non-Member 
J. J. Humove (Non-Mem 


W. E. White (Non-Membe 


Albert Goldhammer (A 
Member) 
H. E. Rathe (Noen-Mepn 


J. C. Harrison (4.S5.R 
D. D. Price (Non-Memiy 


Henry Kleinkauf 
R. A. Norman 


L. M. Farber 
Henry Gould 


H. C. Murphy 
J. H. Milliken 


R. F. Connell 
W. A. Russell 


A. G. Matousek 
E. F. Weber 
E. R. Gauley 


J. H. Fox 

J. W. Bostwick (Non-Me 
ber) 

W. B. Kella (Non-Memi 

J. C. Knox 

N. D. Adams 

B. Re Hogan 

W. E. Barnum, Jr. 

E. W. Klein 

R. F. Hahn 


Sidney Pines 

S. J. Shure (A. S. R. E 
H. A. Lockhart 

C. E. Pullman (Non-Mem 
R. C. Bolsinger 

A. H. MacDade 
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CANDIDATES 


ant, E. B., Asst. Engr., Can. Pacific Ry. Co., 
Can. 

( ICK, B. A., 

~  Jand, Ohio 

ReIrSCHNEIDER, JAKE, Supt. of Maintenance, Eppley Hotels C 
Omaha, Nebr. 


Sales Mgr., The Independent Register Co., Cleve 


RurF, H. A., Pres. & Herbert A. Buftal 
N. Y. 

SAUER, E, ix Htg. & Air Cond. Engr.., Detroit Inst. of 
Detroit, Mich. 


lreas., Ruff, Inc., 


Srrouse, S. W., Sales Mer., Cooney 
N. Y. (Reinstatement) 
Tuomas, R. C Vice-Pres 


Norfolk, Va. 


Refrigeration Co., 


& Mer., Inc., West 


Bonair ( i. 


Upson, W. L., Director of Research, Torrington Mfg. Co., Tor 
rington, Conn. 


VotKHARDT, A. N., Br. Mgr., Alfred L. Hart, Inc., Stapletor 
2 aes 
YarsorouGH, T. R., Dist. Sales Engr., Frigidaire Div., Ge 
Motors Sales Co., Atlanta, Ga. 
Yeazet, G. A., Air Cond. Engr., Sampson Electric Co., Chicag: 


ll 


Candidates 


In the past issues of the JouRNAL of the Society the names of 


The membership grade of each Candidate has been assigned by 
the Council. We are now instructed by the C 
ing list of candidates elected 


MEMBERS 
Abbott, Ltd., 


TT 
un { 


Vice-Pres., George C Toronto, Ont 


Ansott, T. J., 


Lan 


Becker, R. K., Dept. Mer., Ohio Valley Hdwe. & Roofing C 
Evansville, Ind 
Benson, M. L., Mgr. Air Cond. Coil Div., McQuay, Inc., Mi 


neapolis, Minn 
Borc, E. H., Member of Firm, 
Borg, Des Moines, lowa 


Proudfoot-Rawson-Brooks & 


Sales Engr., Frigidaire Corp., Chicago, Ill 

Bowen, Engr., Campbell Htg. Co., Des Moines, Iowa 
L., Mer., Walsh & Charles, Winnipeg, 

Cuerne, R. E., Enegr., Carrier Corp., Syracuse, N. Y. (Advance. 


Brown, J. S., 
CAMPBELI 
CHARLES, P fan., Car 
ment) 
Curone, R 
Texas 


E.. Engr. & Chief Designer, R. F. 


Ciose, Ropert, Chief Air Cond. Engr., N. B. C., Radio City, 


New York, N. Y. 
CovcHutn, R. J., Sales Engr., Gifford-Coughlin Co., 
Mich. (Reinstatement ) 


Royal 


Crane, R. S., Air Cond. Engr., Delco-Frigidaire Cond. Div., 
Dayton, Ohio 

Darter, E. H., Dist. Chief Engr., Carrier Corp., Philadelphia, 
Pa. 

Exuiot, G. B., Sales Engr., Francis Hankin Co., Montreal, Que 
Can. 

Feppers, M. P., Development Engr., Minneapolis-Honeywell Reg 
Co., Minneapolis, Minn. 

Fettows, J. R., Assoc. in Mech. Engrg., University of Illinois, 
Urbana, III. 

Forsom, R. A., Vice Pres., W. R. Ames Co., San Francisco 


Calif. 
Futter, E. W., 
GIFFoRD, | W.. Chief 


Sales Engr., Delco-Frigidaire Div., Dallas, Texas 


Engr., Airtemp Construction Corp., De 


troit, Mich. (Reinstatement and Advancement) 
Hamacuer, K. F., Partner, Hamacher & Williams, Milwaukee, 
Wis 
Harris, A. M., Sales Mer., Baker Ice Mach. Co. of Texas, Fort 


Worth, Texas 


Harrison, J. C., Design Engr., Texas Air Cond. Co., Fort Worth 
Texas 

Hoppe, M. F., Mech. Enger., Pierson & Wilson, Washington, 
i ed 
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Montreal, Que., 


Tech., 


Buffalo, 


il to post herey 


G. L. Wigg 

l H. Laf 
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F. R. Bishoy 
Henry K ‘ 
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C. H. Lightha 
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W. G. Boales 
Bernard Leve 
Irw lal i k 
W. J. McKinne 
H Met i 
Leonard Kemy 
H i > 5 


Elected 


thi T¢ \ Qo me ré 
e ¢ mitt n Ac $$101 \ 
ith, as req by Art. B-III, Sec. 8 
Jounson, L. O., Sales Ener. H 
W. \ mer 
KESSLER, C. F., Pr M 
al \ \r M 
IK IRKBRIDI cm 2 g & S I 
Nirkbr ‘ P Pa 
I | \\ i tor R 
La 
Kur rc, M Herm 
City, M 
LA Rut Py i} ‘ Bl 
Dist., Des Moin J " 
i.ASETER | | M Lent He 
\tlant Ga 
LON‘ H Pp Sale rR ] 
Mcks Ja i I tor, R 
vale, Que Ca 
Mi D | y. oa 2, pt 
La / I mie? 
Mout », Py ( ret Dr 
cisco, Cali 
M GAN, A. § M F () | 
Ont., Car 
NEWTO 7 trol S 
eywell Reg. ¢ _ M i] 
N H. G. D., Sales Eng \ 
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PESTERFIELD, | M 
sing, Mi ncer 
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N. Y 
Powe, R. W., Jr., Mech. Engr 
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PREBENSI H. J., Vice Pres.. A 
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S \. T., Const n Super 
( iF New York, N. \ 
SHurpcey, S. C., Eng M inneap 

neapolis, Mit 
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